Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



SAUNDERS- 

MEDICAL HAND-ATLASES. 



'id u( IxMiks iudutled unilvi iliii tiik . 
b of tb< wofltl-hmoiu 



!k^^M@ 




Dr.OpKuU- 



]«ckil univenol inmilation and n|iniiluctlun, atIiiiiUii|; It 

IciUnluii, tbc |iuljlilliut> hiivc ticcn tnAtilcil to >mifc for tiic«*Bita>nf 

best artiBtic knd prof«**iona1 islent, lo produi-c ihnn ti 

rlcf ant style, iml yet la offer ilicni at a price heretofore unapproscli 

in clieapnoM. The ^tnl ouvcem of llie trndrrtokiii^ ii 

hj (he fad thai the votumci hitre n1ica<1y appeuvi] in Ihliieen dilTerti 

lADgUBKCB — Ciciroin. Kii^liili, Firtich, Iluliaii. Kiiku.in. SjoiiUli, Dull 

JapaueH^, Uaniah, Swcduli, KoumuiJaii, Unhemiaii, uid Hunjtitiiiin. 

The MDis i-nreful niii;) Mtnpeitnl edllorlml aupervUlon ha> t 
*tcur*(t in 'he Engliah einiicrti i.i Sii l)ie cnigtniLli. The ii 
Ircen eitlleil Iiy ilm leadlnit American •peclallBta in iIk itiScnni | 
jecu. Tlic voliimci airttl i iiiiiform inil eotiTtnienl »lie (S>'7J( " 
anii arc dutnlinliilly Uu 

(prica, etc »« back cover.) 
dmctia of llv CcAotti ?\A(a 




m 
f 

I 



l! 



sT't y '■' ''- • ■ "^ ' TY 

i5lii.-» ^ v.- . . .- - .. -' . A * 

PALO AliTO, CALIF. 



'I 



^•i 



«. 



r 



ATLAS AND EPITOME 



OF 



HUMAN HISTOLOGY 



AND 



MICROSCOPIC ANATOMY 



BY 



DOCTOR JOHANNES SOBOTTA 

Of the Unfvcrshy of Wurzburg, Bavaria 



• • • • 



• • • • 



• • 



KDITED, WITH EXTENSIVE ADDITIONS, BY 

G. CARL HUBER, MJ). 

Junlot Ph>fcsaor of Anatomy and Director of the Histologic Labor a tory at tha 

University of Michigan 



Butboti3ed ITtanelatfon ttom tbe German 



WHh 17 t Illustrations on 80 Lithographic Vlates, and 

68 Text ntustrations 



PHILADELPHIA AND LONDON 

W* R SAUNDERS & COMPANY 

J?03 



CopYiitlu, r^h^ W.' B. SAUNDERS ft'cOMl>A( 
Regisieied >i Siaijonera' H.ill, IjiadcD, EngUnd. 







LANE i:;LJl JAL LIBRARY 
STANFORD UNIVERSITY 
300 PASTEUR DRIVE 
PALO ALIO. CALIF. 







This American Edition is gratefully and respectfully dedicated by 

the Editor to 

dcx:tor Hermann Kiefer 

a long time Regent of the University of Michigan, in recognition 

of his services to Medical Education. 



.S7454 



EDITOR'S PREFACE. 



Considering the fact that there are already a number 
of excellent and widely known text-books and atlases of 
histology, it may seem like a hazardous venture to enter 
upon the field with something new. Sobotta has, how- 
ever, in his "Atlas und Grundriss der Histologic und 
mikroskopischen Anatomic des Menschen," succeeded in 
combining an abundance of well-chosen and most accurate 
illustrations with a concise text in such a manner as to 
make it both atlas and text-book. 

The illustrations comprise eighty lithographic plates, 
which have been reproduced with the aid of over thirty 
colors, and sixty-eight figures reproduced with the aid of 
photomechanical methods. The publishers have spared 
no expense in the reproduction of plates and figures ; they 
have been printed with the greatest care and exactness, 
and portray most faithfully the microscopic preparations 
reproduced. The original drawings which formed the basis 
of nearly all the illustrations of this volume were made after 
the following method, suggested by Sobotta : The prepa- 
rations were photographed under the same magnification as 
tliat under which they were drawn. The photographs were 
then used as a basis for the drawings, in that outline draw- 
ings, even to the finest details, were traced on tracing-paper; 
these outline drawings were then transferre<l to drawing- 
paper. This method assures exactness of magnification ; 
by means of it distortion is avoided, and during the prep- 
aration of the drawing the photograph serves as a control 
picture. As the details of a drawing, espec\a\\y o? ?t ^xv- 
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cral view iiikIit l<iw ina^ification, ar(> iH-arly always filli 
in iinilcr il lens nf liifjlior ]kiw(t, tlii-i-e is always a (ian^^ 
tlmt the cvill-iiiu-lci are rcprcseiitcil larj^cr than the niti^riiifi- 
diUoii pcrmile ; tliii* in avuiiUil liy rlu' jiImivo iiu-tlio(l. In 
a few iiwtaiiceft si niiiiilKT of pliDtngi-sLiilis wen' ci>mbiiied 
lo mako a Hiiijjlc liniwiii^;. Siinc two liiindml miciv- 
photogrnptiii were made for the figtirra roproscntol in tl 
alliLH, Nfiirly all tlie illiislnititnis in tlie voliime wci 
niiide under ri'Iutlvcly low maKnifitaitions, sucli as s 
u»<d by tlie iiixjority of stiidenta in the general miui 
M-upic cuiirseA, Attention may C8pi>cially be drawn 
numenms fipm-s portraying, under very low magnitiei 
tiim. a jreiionil view nf ciilin- organs or parts of orjjans, th 
)(iving the sMuIi'mI more aeenrat*? mental pictnres of tin 

ri'lutions iif ilii' 1 ipoucnt structures tlian i-au be ptim 

by ft diliuly of li^iirvN giviu)^ small areas under liigli 
nmgnifiuttion. 

The jfrcat majority of the ilhistmtions were made froi 
HCctionH pr('|>arc<l from human tj»«ut'9, obtained from indi< 
viduals who liad been executed ; »ime few from ti^sui 
taken from a iKKly two and u half hours iitU-r diutl 
The tissues employed may theiffore be regarded as fr 
and normal in e\cr)- reeiKt^t. Nearly all the mieniseopi 
preparations n'prwluced were made by Sobotta ; a fei 
wi'ro ubtainni from the anntomie i-oileeiion at Wiirxburg 
Bome few from private collections; for thcae, uppropriat 
crvdit is ({iveii in ihu li-p-nds ili-seribiajf the rt^peetivi 
figures. Tissues from aninmls wrved the pnqmsc wbun' 
it was desirable to illustrate a I'iKH'ial .itruelui'e or a char^l 
ticteristic arningemvut of tiKsu^'-elcmcnts, or in a fe 
iiiHtances when human tbtsiies were not available. 

The t4'xt is ns brief ntal concise as possible. Neith) 
reft-mieeti to literature nor disputed views could then-foi 
find place tlicrein. It is limited to the pencnill; 
niwd facts nf mierusoopic anatomy, and U writteii coo- 
tMiiftily nmi n idiunt s|>eeiat Tvfereiwfe to the fig""-**- ^' 
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of this edition felt justified in bringing the views expressed 
therein in conformity with his own observations. He has 
thus annotated and altered very freely certain portions of 
the sections on the adenoid tissues, blood and the blood- 
forming organs, muscular tissues, special sense organs, 
and peripheral nerve distributions, and has made other 
minor changes as occasion permitted. Additions to the 
text were now and then made. Certain sections were 
rearranged without material alterations in contents, and in 
many instances he has incorjwrated the foot-notes in the 
text 

The illustrations, especially those on the lithographic 
plates, receive especial explanation, the legends ap[)earing 
on the left side, while the plates are on the right. Plates 
and text are therefore to a certain extent independent. 
The reader may follow the text independently of the 
plates, or interpret the latter by the help of the legends. 

The translation from the German was executed by Dr. 
Lydia M. DeWitt ; the eilitor is also under grateful obli- 
gation to her for assistance in proof-reading. 

G. Carl Hubek. 

University of Michigan, 
Ann Arbob, Michigan. 
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(A) THE HISTOLOGY OF CELLS AND 

TISSUES. 

I. THE CELL. 

The cell is the ultimate unit of a living organism. 
Every living organism originates from a cell. The pro- 
tozoa consist of a ningle cell, while the metazoa are multi- 
ceUtdar, The cells of the metazoa are structurally and 
functionally differentiated, cells having similar structure 
and similar function being united into larger divisions 
known as twsues. 

Multicellular organisms, when fully developed, consist, 
however, not only of cells, but also of cdl-produds. The 
cells are therefore to be regarded as the prlmwy elementary 
condiiitenis of more highly develoj)ed organisms, the see- 
ondary elementary constituents being the excretory or trans- 
formation products of cells. In this latter category we 
may place the fluids of the body, as well as the ground 
substance, the cement substance, certain cuticular forma- 
tions, granules, and especially fibers and fibrils. The 
essential difference between the primary and secondary 
elements of tlie b<Kly is that the primary elementary con- 
stituents, the cells, are capable of independent proliferation, 
while secondary elementiiry constituents have no such 
power. Excretion or transformation products c:ni take 
their origin only from the cellular elements. A new cell 
may originate fmm a cell, but a new fiber cannot originate 
fn>m a fiber. 

The/o/-m of the cell is manifold. The spherical form 
may be regjirdcil as fundamental, since it is the form pre- 
aentvd hy the ovum, the cell from which all other cells of 
2 17 



I 18 TUE CELL. 

tlie tuiiltiiM.Iliiliir oiTtnniMil iii\ili|i Flu hrst cnibrynnal' 
<*llswliipli ariM troDi the diM^um ol the i0ipregnaU>d 
■iMuii i^iiiirttlU iirotril till Kj)h nciil t(nin fliis riiiiilu- 
mental form of tin cell, lu»wt\tr. presents nian> viirmtiotiSf 
111 conliiif; to lilt jMfMitiDii nnil fiiiRtiiiii iif the different luted 
«11h 

1 Ik Mzr of llie ixW \-< ttiilijci t tit iimtiv % iriatiuns aual<^ 
gouB to tiioHe of the fonu Dk. smHlkft t«ll» measure 
<ml^ T/j or leas, wliile the largest are Msible macmscoiiio- 
allj, as for inataitci thi lurf{<^ o\i of inun> uiiunulH. Tlit 
extreme ^vx: of Bii<h mils arises only lliroiigh seciindary 
fkpositioti of foixl mutennl m tin ihII-IkxU Most oclli 
are microsoopir, onl\ a few, as the lat^e n«rve-folls of 
somt itiiiinnlx IxiukmiiIiIi willi tli iiiiiuIi1im>. 

There art threo es-eiitial or |>riiKi|ul « in^lidients of 
till cill (1) The (v///.o</y or il. / / /*/ ,- (2) the 
c^ll ttuc/iun, [ i) the cenlioHovu In aildiliou to these, the 
(ill may ulao lontniii ollnr lijw iiti{iortiiiit rotisli tuoiits. 
Certain ctUs have no nuclni« and wluii fnllv diffcren- 
tmutl, no iintnwome Such (tils, howivir, were origi- 
nally nnitiiitid ()iorii\ ipitlulml tills of thi> epidermiSf, 
red IiIimm] iillu ot maiiiiiHliii cmtral fibir"! of the lens)^ 
'Pile non nu< tiiiliil <s)n litioti npreM.nts thenti n-, a 8tat« 
of 8tnilit\ lULiimng only m hi^fhly differentiateii eells n» 
loiip r i-iiijlI.1 A dni-ion (S,, piine* 'i'i and 221J.) 

The cell protoplasm is an cxlrcmily complex alhu- 
muioii^ suh^tum'e and is the sent of the vitality of the 
cell. Many of the vital phemimena are not diseernilili) 
even niider a powerful iiiiiTiisLH>|>o ; on the other hand, 
life {thcnomcna may manifest themselvi-s in some form 
II f miition. 

This movement of the protoplasm may display itself 
under the form of the so-ealli'd amehoid motion, which 
consists of slow ohangcs of form of tho protoplasm, 
readily observed in the wilorless bl'Mxl-eells or letikocyt«8 
(see Jiage fi7), and may result in a locomotion of these 
"^ By the exleiision of pwrccBSea «f l\>e Wv\V.wN\.va^ 
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so-called pseudopodia, these cells may not only move, but 
also take up solid substances such as particles of dust, 
bacteria, etc.; two processes surrounding the solid body 
may flow together and thus inclose the foreign body in 
the cell. 

In other cells certain differentiated portions of the pro- 
toplasm are endowed with motion, as the cilia of ciliated 
cells and the jlagella of the spermatozoa. In contnidis- 
tinction to the ameboid movement, the ciliat-y motion is 
continuous and follows a certain law, in that the cilia move 
always in a certain direction and create a continuous cil- 
iary current.^ 

The cdl protoplasm presents a very complex Htrudure^ 
concerning which, even at the present time, the views of 
writers are widely at variance. According to the view 
now most generally accepted, protoplasm presents VLJihriUar 
structure, the fibrils varying in size and arranged in the 
form of a reticular network ; this is readily demonstrated 
in many cells. These fibrils of the protoplasm constitute 
the mitoniy spongioplasm^ or the fibrillar mass. Within this 
thread-like structure, which is visible only w^ith high or 
with very high magnification, are scattered minute gran- 
ules, observed more especially at the nodal points of the 
network; these are known as microsomes. That portion 
of the cell protoplasm not occupied by the fibrillar struc- 
ture and the microsomes must be reganled as a fluid or 
semi-fluid substance, the intnfibnllar substance, or the 
hyaloplasm. ^ 

In addition to these structures whi<*h occur throughout 
the protoplasm, structures are often found which are to be 

* The 80-caUc<l molecular motion, a (lancing motion of fine granules 
in fluids, is not an active motion. It occurs in the protoplasm of the 
aalivai*y corpuscles, dead, swollen leukocytes, and also in granules of 
India ink suspended in a fluid, etc. 

* According to some ol>scrvers, the protoplasm consists of granules, 
which, if arranged in rows, may form threads. Acconling to an idea 
which is accepted by few and is scan»cly worthy of belkt, tVv^ t^\«^q- 

plasm is composed of separate honeyeomb-Uke Hpacea i^loam VXx^t-^^. 
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I rrpmlixt iw inrliMim>< or trminJimnalion prv^liiptu nf the' 
I |in>ti>plHf>rii. Tliim, in miiny «wI1h, pupwmlly in glaml- 
'\ lit (III- tiiiii- (iC Mrrdion, nrc fuiintl larpT or ^iimller 
I |fnitiiilc>i, Wh^ulUil t^ntniffn ifranulrn, which nre looknl 
I ii|H>ii 11- |ini(hiclrt of [iii-uiiiiorjihoHiH nf tlii> jiroIiiplaKni itilo 
I thf opi-oinl iu-cn<li<jn of the |;litiiil (wf pane ;!5). Most 
I |iiiiit;lioii-<-cllH oonliiiii iit tlnir |irotii|ila><m \nr^(- ^aiiulc!* 
I or lliil<i»i, which xhniv iiilinity to hw\f clvos, which |irolKi> 
I Ilk u1w> liiivi' <o do with lhc> m>'tuiiior)il)o'><iH of tin- cells 
[ niid niT known iw lij/iniil (/nnmlrK (wc [m^ 7:1). Other 
I W'IIh (Nintniii in llii-ir i>r')t4>i>IaHm a varying ntinilH-r of /«/ 
mditnJttn, whir)] at timiM* nmy till the j^rmtt-r )M>rTioii of llic 
I cv)(, an in tlic cclU of a(]i]H>w ti^MiR* ^hih^' pH)p- 52). The 
<li»|w of M'liiiin in llie M-btictiHiK ^laiiiU of the t^kin show 
a Muiilnr relation, Mnoc in tlicir formation they lie in a pn^ 
|iifi)ii«n)if ntRiliwork. 'I'liti lut^shwork of tlio prolnplasiu 
I b, Im>w<-vit, in this vnnv oMMmiliiry ; it ik-vdojis only 
lUirvKisti t\w fornmliitn of the H<<>rcti(>n. 

Olfw-r r»-ll iwliMinfi nix- tlw fiigntntl i/ranid/vi; these are 
I MiulkTor larjin^ K>^nnl(w, |piiorally yrllow. bmwu, or lilack 
I In i>4iir, ami of invgiilar fonii. Now luul llicn rryslallotd 
IrtniriMn-* .nvnr in tlic prntopluf^m i>f inany ccIIh, kmiwa 
la* rr^At/Au'fw .w pn>li-iii crystaK ami may M'-iiilt from tlie 
lcml»lluniHi>a of the nlliniiiinonH Mibstanor. (Sm> ria(e4, 
f l""^. t.) Su-h rtnKHnrw Iwve been oh>*ci^-«I in man in 
' t r|*lbi^iuniof ihvK-UH and in (lie intfr^titiHl wlU ofths 

file i>MmuiK* fat^vr of tho (v\\ protoplasm, in which 

trwi ihravd* «*• pPwniUy <s«ntcr nwl more clcedy 

, AMfOpmly hnxnti^ iiHithti'^'d to fnnii u ^prcial 

i», fcifc>wii ** tin i^H m.-Wx^iiw; tliU can. in ly|i<(s] 

>, be tvfMintol fV^mi itircvU. It !« irenentlly ^triKturD- 

I ttf ih. :,imo iheonli- 

1 ti«rr 1 - ''f ft rrwjiftt, 

IV c i : 1 n...- :v nfvrn' viiria- 
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nile, the form of the nucleus accommodates itself to the 
form of the cell ; thus very long, narrow cells have elon- 
gated nuclei. The most varied forms of nuclei are, how- 
ever, met with; they may be nearly or quite spherical, 
many are ellipsoid, and in certain cases they are distinctly 
lobulated or ring-shaped, or the nuclei are indented or com- 
pressed on one or several sides, so that a poly nuclear effect 
may be pnxluced. In certain cases two or more nuclei 
may be found hi a single cell (in many leukocytes, giant- 
cells of the l>one-marrow, occasionally in liver-cells, gang- 
lion-cells, etc.). The nucleus is essentially the reproduiihe 
organ of the cell. Non-nucleated cells (see page 18) are 
therefore incapable of division. The cell nucleus contains 
complex chemical constituents, which, acconling to their 
reaction to staining reagents, are divisible into two classes, 
known as the chromatic and the achromatic nucloar con- 
stituents. The most important of these chemical constit- 
uents of the nucleus is i\\^ diromatiny chemically nuclcin,^ 
which is regarded as that portion of the cell which trans- 
mits the hereilitary characteristics. It j)resents itself in 
different forms according to the state of activity of the 
nucleus (see page 22) ; usually, however, in the form of 
strands or threads, wliich frequently anastomose and show 
thickenings at the nodal points. The chromatin is su|>- 
ported by the achromatic substance, the linln, which, in 
the form of very fine threads, forms a dense network in 
the interior of the nucleus. In this network we find the 
true nuclear corpuscles or miclvoU, which consist of a chro- 
matic substance (ciiemically not nuclein, but paranuclein). 
The nucleus is always, except during the process of nuclear 
division, surrounded by a nuclear membrdue, consisting of 
an achromatic substance, ainphipyrinin. Tiie space within 

^ The essentijil vitiil properties of the chromatin are not nwessarily 
iinite<i to the (eheniieal) nueh-in, since nucU'in is found in ]K)rt.ions of 
the ImkIv where there is n(» elironiatin. The chemical and the anatomic 
coucepts of nuclein are not identical. 



TIIF. CELL. 

(• niirJcnr m<-nil)ruiir in tlir mtvlm t»f tin- lintn nvtwurk I 
Kin flilol wirl) t1iji<l, llx- KurUnr tap. 

Tlici UOtrOtome, tliv third vuiiftitiicnt of the ixW, J 
rcjmvu-trtK the ili/itiimir aaito" of the cell in iho proocswa of 
■0.-11 (livmi'ii). Ill thi- rtiilhi^ (x-ll it uiijH-»r» iw h Hiii}rlc 
rOr IM two jmnrtifomi Btnirltinw, which aw jiruhahly gen- 
vnlly lew thiiii 1 /i in diumctjT. Since llitr n-ntriHorar is | 
II rmiill aixl wi (hiliciilt til fitiil, it hiis not yvt been ]mm- ' 
|§itilf to licit II iiiHt rate tt ill nil tlic C4-1U of lUc humiin tiiMly. 
u mtfU nut, howvvir, on thi« ai'count doubt it« oxietrnw.. 
Qn uiniiy Hiiinial ivWs (ova) (Viitr'iwiiiio.'^ are r>t\ci) fnuoil n( 
e<iR"!<h^nibI_v jTR-aliT niw. The M-ntmHomo often hcs in a J 
Icnr arc'ji of ]inito]))iuim, now and then showing fine 
idiato lincB. This ntnmtiin.' nfii'n iM-trnriK.-M [it'<>iiuni.-iit 
9u\y at tho tiino of cell divii^ion. 



PROLIFERATION OF CELtS. 

(Vini|ilt'x (ii'i'ct'!<si>Hairii:liiit:in<iri' |i;ini<>iiliirty the nucleus 
kpiiiniri-^t thcinwivi-s illirlii^; the pnihrenitiim of cella. Tlic i 
T of the (X-'II-UhK- is without exwpliim prtm-ded by j 
miii'uiioniif thrniifJnu' ; ihi-foniuT may even fiiil totake plai 
pind the jitiict'ss then moults in the formation of cells having ] 
■(•nil or in«ny inielci. Stnii-inn^i which develup in this , 
Wuy and have ninncrons nm-hi in a couimon pTiilophii^ 
■ known jw nyuntia ' or /iIimiiuhHii. Tlin,-. the tniuii- | 
[Versely wtriatcd niiisele-fil>er is a i-yneitinni, lu normal i 
lan tisHiie;* pmhably all c^Ah divide by wiuit i^ knowu 
Htlinvt iy/I (ft'rwnVm, Icitrt/olnncKU, or mitOSis, in coiitm- 
IdiHtinetiim lo a less !m(x>Ttaiit type designated a.- din?cc or i 
|«ntiti^>lio wll (liviNi'iin. I 

A imtnb(>r of pliascA or stages are usually diMingui^bed 
n the aMn|ilioated pnioess ■■I' i»ii<Ktii>. The first U lliv | 

I iMm ■jmriiinm in ili-i»il« s aUvrimv afia- { 
~ * ~" i plMmHxtfinn In dpnnlt (anna 
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so-called skein stage or prophase ; this is followed by the 
second stage, that of the equatorial plate or monaster; 
third, the stage of metakinesis ; fourth, the stage of the 
daughter stars or diaster, the metaphase ; fifth, the phase 
of the daughter skeins, the anaphase ; sixth, that of the 
daughter nuclei, the telophase. 

The structural change^j manifested in the several phases 
of mitosis are essentially as follows :^ The nucleus of the 
cell engaged in the preparatory stages of cell division 
presents a peculiar rearrangement of its chrwmitin, which 
begins to be grouped into iWsiinct filanieiitg. This arrange- 
ment becomes more and more definite, until gradually 
a certain number of distinct single threads are found. 
These distinct chromatic threjids are known as chranuh- 
somes. The number of chromosomes is constant in the 
mitotically dividing cells of each species of animal. In 
the higher animals the numl)er twenty-four predominates, 
while many lower animals have only four and some only 
two. In certain cells these chromosomes are very short, 
in some cases even granular in shape. It is not absolutely 
certain whether this constancy of the number of chromo- 
somes prevails in the cells of all human tissues, although 
theoretically this ought to be the case. 

The chromosomes usually appear in the form of loops ; 
that is, each chromosome is bent at the middle at an 
angle. The scattered chromosomes now form a close skein 
(spirem), in which the loops are, as a rule, so arranged 
that the closed portion of the loop points towaixl one point 
of the periphery of the nucleus, the so-called pole field, 
while the free ends of the loops point in the o])jX)site 
direction, the antipole field. At this stage the centro- 
some, which remained at rest during the condition of labile 
equilibrium of the cell, l>ecomes active, assumes a position 
in the pole field of the spirem, and appears to send deli- 
cate rays in all directions. In the stage of the loose skein 

* The process is not quite the same in all luitoi^a. The vaimtvovka 
wlj/ob occur arCf however ^ unessential. 
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PLATh I.— MITOSIS. 

Kh.^. 1 1(». -Ten Stages of Indirect Nuclear Division (Mito- 
sis from tlic Oral l:pitlielium of the Larva of a Salamander. 

;•( N I 

riiliuH- Clnoiiiic iK'id Milutimi. *J |N*r ifiit. llfMiiaiox.\ iin itml 

I '--jL I I til \\:ili n-tiiii: niiririi*« a slimt linn* iH-fiin* tin- !H':;iii- 
i.i':- ■•! ilii M;ii«>-i- Till- iin('lrii*« nIio\\s fli««tiii('t , irri'uiil.ii ly itui- 

!'ii:' •! ll.ii .iil- 

I i-j '.' I '!•- iiiH-li 11" 'it ilic 11-11 i- at till' lN';fiiiniii;: nf iiiit«r<i>. 
[>■ :ii<t • 111' •1... it III !iMi|i>s i-liiiiiiH»«<tiiiir> I iiri' it'i'<i;;iii/i'4l. Sta^i'of thr 

I ■■•■ '..I'M 

I -. 1. I !:i Mill II .11 riii-iiiln.'iiii- lia^ ilisi|i)N*aritl. In iilai*** nf tlic 

■ - = > - .1 I'M.-, -.'„• Ill nf i-]iln|ii<>sniiirs llir jMilc f'U'hl i« at till' li'fti. 

! ! M..'ii: -Ml lllulM.»|i'l I \ic\\f«l fMllll alM>\c. 

I MmIi. ■ I. II rii(iii;i<«ii'r ) \ irwi-l fniiii tlic siili*. Tli** rhm- 

> V. ;■■ I ... ;iii- ::i<iii|N-il arNiiiid the iijiiatnr of liu- adirn- 
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\1.' • -'.i: •■.•Will rnnii tin- sijli-. Tin* rlirmno-iiurjis 
. .1!.. :■ .. ilii ■■■|u.iliir nf tin- '>i}iiii<Ih'. 

■ ■: I ■ .i,. = iii ->. oiir-hair of till' loiiuitiiiliiialiv 
- t.tu.ini iMcli )Mii(' of the s|iin(Ilt'. 
' ! ;"ii o!" |||i- I'l'll-lNNly. Sta;;i- **i \\\v 
.1 

il:\i-|iiii. 'I'i':>li>forMUitioii nf thr 
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-liiiu <l:iiii:TitiT nuclei (4*«iMip]ffc 
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tin :m r;in'.:iiii' 111 <■! iii- ■iii-'in iiii- i- -lill inorr <lisli!i(*t. 

I In -«■ .M'*- iiM\\ \.!\ i>-i;i.i':\ .i i i .i :i-.:' i i mikI lU'Xt Hiulrl'iTi) 
;i /'iit/lfmHint/ I'/n'ii'i/, ^t[ -i|i li .i kii'.'l liiiif •■;ii'll <'lirnli|i)- 
~«ni!c i- tli\i«l«'<| l«ii!L:it iiilin:ill\ nil. • i". ■» il:iii'_ilil''!' <'1ii'<i|ih>- 

• •hn-, wliirli, Iiti\\i\ ii-, jiir ;i \;iri:il«i' ti'in- n-in:iin in 
I Ii»-'- :ij»|i«i-it 'h>n, :iih1 tiir tiii- r«:i-iiii ilii- ]i>ni:ilii(|in:il 

'li\ i-ii»tl i- IH»1 nIi-r|"Vi'c| ;it till- tillli- lllili-- IIh' lilULIIlitii'a- 

ti'.ii i- -iillici'-iitly lii-jli. At tli<' sunr riiip-. tin iim-li'Mi* 
iMtiiil)i;iii.' tli-.i|»|MJii'> Mild tin* niirl«;ir Miiiil iniii'jli'^ with 
ihirill |Jh»ln|»l:i-fn ; lln-rrll lin> in» |(iiiu« ]• ;i (■j|-,-iiiii-crilMM| 
iMU'l'ii-. Till' ('•■iiti't»-o!nr, ill i"A^r tin- ri'-tiiii: crll ili<l not 
'•<'iit:iin twn, iinw divi«ii'^ juin tw<» linlvf's, wliirii iima*' 
:4>;ut, and ii >iu'M (O-lirunuiflc sphuU*: can now Ik- ivci*-- 



Plate i.— Mitosis. 

Flos, 1-10.— Ten Stajces of Indirect Nuclear Division (Mil. 

sis) trom the Oral Epithelium of the Ivirva of a Salamander 
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Fig. 1,— (>II with rPBtiiiB minlpiui n nhort titiip lirfom tljf IicK 
tiing nf til*:' uiilosis. Th" nii«k-uit »howB ilistiiwt, in'pgiilwty o 
tOQivd thnwl!!. 

Fig. 2.— llie nur:li:ii» nt tlie crll in nt tliir )H.-^iiiniiiK "f nilt» 
DiethtTit oliroiimtin luojo ii?'limmoM)Tiie») niv n^coi;iiintl. Siagpot i 
clow nkvin. 

Fig. 3.~Thi- niiclmr luunibranE hw ili)iaii{K<arc!d. In plora nf th 
ntic1«IU liesaTcHiw skein ntchmmiiiiniiira (the pnlclirltl in itt the leflj 

Kig. 1.— 'Mother star (moaiuiter) view«I truni above. 

Pig. B.~MMhrr stnr (nionnnUr) viewed from llie milp. Ttii' flu 
tnonniM, exDepl two, itrv grniiiiod around the uqnaior uf the luhi 

'bspiiidit 



Fig. 7. , 

diviitwt diroiiKmiHiie* is<lr»»ii t* 

Fip. w.— Ili'ginning eonHtrii't 
dnuiclitRr Httu- lilinatcr). 

Kig. I',— Ciitiiiilftimi of cv 
dnuglitcr nlMtB iiiui nkciiii* liliii 

r*iK. ll>.— Chnn^ot skciiu i 
daiightrr <vlln, ti^lupliiuw). 

Hrfeftm* lctt*-ra : r, CentruMinie; rft. clironMJwi 
iqi, nchronuitio spindlr ; ■, enallerrd alirnniuwiinci). 



ine-lialf of the loii|(itudinitll 
■h polr o( the spiiullr. 
y cII-UkIv. Sl«p( (if tl 
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die arrangenu'nt nf tlie chn»inoBoinc» is still more ilUtiad 
Tlioa; an- imw wry rt-piliirly arnin|f*'tl and next uiidergi 
a lom/itiutliial c/rnvu/e of siit'li H kind that («elt clininio 
SMtiie is diviikil KHi^iluilInnlly into two daiiglittT chrom 
somiw, wliii'li, liowfVtT. fur ii vnriubK' tiitu' n'muiti 
close ajipohiiiiHi, and for tliis ri'oraii this longilndln 
division iw imt ohscrvdl iit liii« tinii? iiiitcss llii- tiiiipiiH<» 
tioii is eiiHiriciitly iiiirii. At the same limi>, tlif niicltai 
niciiilirani' disn|>{M-tirH and iIk- iiiiolcar fluid iniii^lt'H wit 
tltu t'cll jjnit<i))laHin ; tlic ifll lias do l>i[igiTm'iri'iiniscrili« 
niicleii.-^. Tlip cptitrosome, in ea*o the rosiing coll did nc 
I'Diitniii Iwm, now divido iiirn twi Imlvca, wlii<'li mov 
a/Kiit, and a biiitill w/iiviiwtic j<jjui(i(e can uusv W twrn^ 
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iiized between them ; this enlarges as the eentrosomes con- 
tinue to move ajmrt. This is the anlage of the so-called 
central spiivJle or the uniting filaments, a portion of the 
achromatic spindle, which forms an essential |K)rtion of the 
figure of mitotic cell division. There are further de- 
veloped rays, which pass out from the eentrosomes in 
opposite directions toward the periphery of the cell ; these 
are known as polar rays. The origin of this achro- 
matic spindle is not as yet fully established. It would 
seem probable, however, that the linin network of the 
nucleus contributes to the formation of the structure. 

While the spindle, the poles of which are formed by 
the eentrosomes, is still further increasing in size, the 
chromosomes arrange themselves about the equator of the 
spindle in nearly oiie plane, the equatorial plate. This 
stage is designated as that of the mother star, or monaster. 
The dividing cell is now easily distinguished from 
the resting cell. In place of the nucleus a clear area 
is found, in which may l>e observed the mother star, 
or monaster, so named l)ecause, when viewed fn)m one 
pole, the chromosomes form a star-like figure. Besides the 
fibers of the central spindle, another system of fibers 
develops — that of the (racfion fibers or mantle filaments. 
These are generally finer than those of the ctuitral spindle 
and are present in greater numbers. They run from the 
centrosomej;} to the chromosomes and attach themselves to 
c»aoh of the Intter in such a manner that the fibers coming 
from one centrosome inst*rt themselves into the adjacent 
half of the loop. In the mechanism of mitosis these fibers 
are believed to play a part in the ])r(K?esses of metakinesis 
which now follow ; they draw apart the halves of the 
looi>s toward the op])osite j>oles of the spindle. Meta- 
kiiiej<ii< begins when, in the equatt>rial plate, the longi- 
tudinal eleavnge of the chromosomes is very distinctly 
seen ; the interspace between two daughter chromosomes 
bwomes gradually greater, a change in the wliole mitotic 
fi^re going ]uwi] in hand with this ^^rocviss, k. doxjJbU 
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rtnr or duintir dcvflnps, tnvh lUii^ikr star nmving piu 
lially ntarcT to its pole. At the same time a perceptibi 
pl()ii)^ti<in oftlie pt'll-lHNly in lIi<> irtrcctiKiiof tin- luiigaxil 
of tile Hpimtlc taken plat-e. 

Tlic two (Inu^hti'i- »tars are (^miici'tiHl by acUroinatM 
fibers, the w>-ca]le<l nnitrm/ fitierg, Tbi-se lire proliably tiJ 
runisins nf tbc central hpiiiilKi am] in (be wnt^r of tliot] 
course ofleii show tliiokuiiings eullttl oniiral njfiwilr r 
paaclf*, wliieh mark the place of l\w. future {liviHion of tbj 
cell. Kvcn ill tbe iliitstt-r stiigt- tin; n>iimiii8 of the tnictii) 
filwrs slill run from the ohromoAomes t£> tlie ceiilroBoniel 
Imt »eeiii to bctwmc sliort^T mic! short^T the furlbcr ibj 
dau(;ht«r slars are eepamted from each other. 

When flio (laughter j^lars nrc I'aHbcr gfjiurato), tbe (/(«i 
«'()« '/ the cfllS'Kiy iK-gios by a gradual ring-*baped cofl 
gtrif^liou of lliK rail neiir tlie miiUUi; (mi-taphnsi'). Wb« 
the wnistriflion is maily oonipleled, a ohange of tbe (laugw 
ter fitiirs into skeins lirgins. Just ns ihe niciiber star v 
foriUHi from llio skiiii. ho nuw a "kein is formwl from ead 
dnnghh^r l^tn^, ami tlniri: \» ilrvel"iwd a niitotie (iyui 
known as tbe (Hspirem. At the same time the remains < 
the romicr spinJle ami the jMibir rayti degenerate (am 
phase). _ 

AfU-r the diviBKUi nf the wll-budy is onuipteted, A 
uuclear membrane is formi-d antnnd each of tbe daughto" 
ttlu-iim, and the new uuelei — daughter luiolci — lire formed. 
The changes Involvtil in this process, the alterations of 
tbe chromatin, eta, are eo1lecte<l under tbe term telnphaacl 
The division of the centRisonic of each daughter cell may J 
now take place (see page 22). 

When the indinct nuclcardiviaion is completed, each o 
the daughter wlls hiis received balf of the cell-body of tl 
motlior cell, half of the nucletis, — that h, half of enol 
chn>mosoine, — and balf of the centrosoine, or one of t 
two centrosomes now and then prtwtnt in the resting eel|l 
Kacb daughter cell in therefore a comitcrpart of the mothflf 
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S^mentation of the impregnated ovum also occurs after 
the manner of mitotic division; in this case, however, half 
of its chromosomes are supplied by the spermatozoon, the 
male pronucleus, and half by the female pronucleus, the nu- 
clear constituents of the matured ovum. It is not always 
true that the resultant cells of amitotic nuclear division are 
of equal size. In the processes of maturation of the ovum, 
an un(;qual division of the protoplasm takes place, since 
the polar body, one of the division products, is very much 
smaller than the other, the egg-cell. In the formation of 
the second of the two polar bcnlies a reduction of the chro- 
matin takes place, since the longitudinal cleavage is omitted 
and the number of chromosomes is reduced one-half. 

In many tissues of the hunum bmly, cell division takes 
place cmUinuallt/f as in the germ centers of the lymphoid 
tissues (see page 121), in the tubular glands of the intes- 
tines^ and in the deeper layers of the epidermis. Other 
celb of the human b(xly, on the other hand, have a very 
long life, so far as we know. Ganglion-cells, the majority 
of gland-cells, many epithelial cells, probably exist during 
the whole life and never show the phenomena of cell divi- 
sion. In cold-bloo<led animals, in which it is |)ossible to 
make observations during the life of the animal, the time 
of a mitosis has l)een established at six to eight hours; in 
the warm-blooded animals the process is probably com- 
pleted in lei?s than an hour. 

The secondary elementary constituents of the hu- 
man Ixxly may be present in the form of flulda, regarded as 
the excretory products of the cells. The plasma of blocxl 
and lymph, intercellular fluid, the synovial fluid and serous 
fluids of bursse, joint cavities and IxkIv cavities may be men- 
tioned under this head. If the excretory prmluct of the 
cell is semi-fluid or more or less solid we speak of ground 
siibdance or cemetit substance, the latter when the intercel- 
lular substance is found between the cells in small amount, 
as in epithelial tissues, the former when the amount of 
mterceUular substance is predomiuaul, as \u ^\\.\\syijji^ 
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bone, etc, Membranee ami cuUcular formaliuna arise on the 
surface cif cells wliicli are arranged in rows, sucli as epi- 
tlieliii, thniiigh excretion from tliese ami hardening of tlie 
f'xcreted monihrane, so thut cacli cell does not have a 
cnista or menitirune, bnt n common membrane develops, 
which can be istilatf-d. A typical example of such a mem- 
branous formation is the lenstnpsule. Whether themem- 
bninu propria of gluntls is to be regarded an an excretory 
pnMluct of gland-cellH is still open to discussion. Struc- 
luivless menibranGS may arise from the fusion of cells,during 
which process tlie nuclei of such cells may or may not 
disii}i)Hiir. Membranes may also arise from the fusion of 
fibers, the so-called fusi(m membranes. Elementary jf&pf-x 
or fibrils are very widely distributeil ; thoy arise for the 
must [Mirt as direct tninsfurmatton pnxliiets of cells (acconl- 
ing to some investigators, from the homogeneous gn>uiid 
substiuice). They occur as the tibrillar elements of the con- 
nective tissue (the connective-tissue fibers), of the elastic 
tissue (th(? elastic fibers). In the muscular tissues elem<'n- 
tary fibrils (x-cur as mus<'Ie fibrilW and in ncrx-e-cells and 
nervc-filKTs its neurofibrils and as neuroglia fibers, the 
su[)|)orting tissue of the central nervous systttni. 



II. THE TISSUES OF THE HUMAN BODY. 

The meaning of the term tissue csmnot Iw defined with- 
out (|iialificj|lion. In general we di-signate ns tissues those 
Mniclurcs which wxv «>m|»i)scd of etfual or similar cells 
:irr;nigcd lu a i-i-rtain ilctinitc order and |>osscssing a sim- 
ilar fiuK'tion, My ii striet iiilcrprctalicm of the histogen- 
esis of tissues we are f.inied lo rceufiriiKC but two chief 
ty])cs: (1) The epithelial tis-iucs; ('i) the connective 
tis:-i]es(inesem:liynio). Hiising <iiir .■^ulidivision on a func- 
tional differentiation of these two chief ty|ics of tissues, 
wc may recognize two other divisions ; these aiv the nuis- 
"Civoiis tisBUCs-, tlw liitttii \a uf e\iithelia1 
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origin, the former probably only partially so, the striated 
muscle-fibers arising from epithelial cells, while the smooth 
muscle-fibers are probably without exception of mesen- 
chymal origin. 

It is customary, therefore, to recognize in the fully 
developed human body four ty|)es of tissues : (1) The 
epithelial tissues ; (2) the supporting tissues or the con- 
nective tissues ; (3) tlie muscular tissues ; (4) the nervous 
tissues. 

EPITHELIAL TISSUE. 

Epithelial tissues consist of clearly defined, regularly 
arranged cells, which clearly show their cellular nature 
and which are separated by very small amounts of inter- 
cellular substance. Aside from the occasional cuticular 
formations, they give origin to no other secondary constit- 
uents, and especially not to fibrous elements. 

Epithdial tissue covers the whole surface of the body 
and all mucous membranes and forms the essential jwr- 
tion of all glands of the body. 

According to the form of tlie elements, we distinguish 
scjuamous, cubic, cylindric, pyramidal or prismatic, and 
irregular epithelial cells ; epithelial cells which have cilia 
are designated as ciliated epithelial cells, independently of 
the form of the cells. Epithelial cells may be arranged 
in a single layer or in several layers, so that we distinguish 
simple and stratified epithelium. We also distinguish a 
cx)n<liti<)n in whieh the main portion of the cells with the 
nuclei lie in different planes, while fine processes or thin- 
ner portions of the cells extend to the superficial surface 
as well iLS to the base of the epithelium ; such epithelium 
is known as pseudo-strati fied, and it is often difficult to 
determine whether we have stratified epithelium or one 
presenting several rows of nuclei. 

Aeconling to the form and arrangement of the epithelial 
cells, we distinguish different types of epithelia. In the 
humaj) body the foWomng types arc recogmzvid ; 
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PLATE 2.— KPITHtLIAL TISSUES. 

Flu. 1.— Portion of the Qrut Omentum of a Rabbit, the 
Cell Outlines Being Blackened by Sliver. • Xi. 

Till- lij[iirP»l]<iHW twii la.verH uf » "iniplL' iKivpinviil i'|iillicliiirii (l*r- 
!tniiitt]iU(«olbdium). TIifoeH iHiiiiHloriaturebliwk. nnulei mr BUkim-cl 

TkIiiiIo i Silvur ininregruitiuD. Hi'tiiaUtxyliii. 

Iti-rvn-nce Icttore ; *,, NuoIdi of siiperllciul i>pitJii-Iiat liij'M ; *;, 
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tliclittm, Willi ijLiii :ii.i:i<>[i~ III till bfi.'uil Is.vrr cauvd b.v l< 

of the uiiienwi. ■. r ih o^limlrio, Ihr nnwt 

layrra fUT or rli' VII lliF tntnaitioiutl forms 

bptwwn thrill I 'I 1 I'l I i.mrs mitnersarp upcn ; Ipu 



Htrinl«l plltipiiliii- Imnltr. LvukwyUv luv fuuiid uumrm Ihc vr 

umw iif tht'iii Are widophilo. 

Tvctinii.': r<itAB<iuiii biohroiiiH(« and foniinlin. Iti-iiinlJ>xylii 
Keftircncc IctU^ra; I, Ltnkouytes; /,, eoainopbilt? loukwytps, 



1. Simjile Jlaiti-ned or lupuamom epilhrliuni, consiBtmg nf 
a singli' layer of ei>it)K-liul colls which Hre generally iritiyu- 
narly |iolygonal. (iocurs as the epithelium of llie serotin 
cuvitii':^ (tiiesii(lieliiini)) of tlie alvwili of the lun^H, of cer- 
tain rf^ions nf the inner ciir, and the interciilnry [X)t-tiuns 
(if many glund-flHfrtn. 

;?. Sim])lr cntfe rplthclhtm. Oeciirs as the epilheliinn 
covi-ring the choroirl plexus of the brain, that of the h-ns 
cjipsule, of the middk car (frequently with dlin), of niiinei- 
oiH glandit and exereton' duels of jflaniU, 

■?. Simple ii)liivMuir fpllMlitm. Oceiirs as the epitlu- 
Ihim of the entire intestinal cunul, of the gull-bludder, of 
tiiiiiiv i'/dud-dueU. 
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4. Simple ciliated epithelium. Occurs as the epithelium 
of the uterus, of the oviduct, of the finer bronchial 
branches of the lungs, of the accessory cavities of the nose, 
of the middle ear, and the epithelium of the central canal 
of the spinal cord. 

5. Stratified pavement or st/uamotis epithelium. This ter- 
minology is inappropriate, as only a varying numl>er of the 
superficial layers consist of flattened cells, the cells of the 
middle layers being polyhedral and those of the lowest 
layers columnar. As a rule, the basal surface of this 
variety of epithelium is not smooth, but indented by the 
papillae of the connective-tissue layer which lies below. 
Stratified squamous epithelium has a very wide distribu- 
tion, occurring as the epithelium of the skin, the so-callwl 
epidermis, in which the upj^er flattened layer is horny, the 
epithelium of the mucous membrane of the mouth, phar- 
ynx, vocal cords, esophagus, of portions of the conjunctiva 
bulbi, of the external auditory |)assjige, of the vagina and 
the female urethra, and the tcTmiual portion of the male 
urethra. The epithelium of the cornea consists of several 
layers of c^lls, only a few of which are flattened, and rests 
on connective tissue without papilla?. The epithelium of 
the Graafian follicles of the ovary also sinmlates the strati- 
fied squamous epithelium. 

6. Stratified columnar epithelium has a limited distribu- 
tion. It occurs in the lartijer excretorv ducts of manv 
glands, specially the salivary glands, in the male urethni, 
and on the conjunctiva palpebrarum. 

7. Stratified ciliated epithelium. Its superficial cells are 
])rismatic and show cilia ; between their narrow ends are 
found broiid fusiform cells, and in the deeper portion near 
the basal surface of the epithelium, roundinl or pynimidal 
cells. This epithelium has a wide distribution, lining the 
entire respiratory tract — tlie nasal cavity, the u])per por- 
tion of the pharynx and the Eustachian tube, the greater 
part of the larynx, the trachea and all the larger bronchi ; 
also the vas deferens and the ductus ep\d\A^'Ti\\^v^ \ \^vi 
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litttw hns an W(nx'inUy tiill o"luninnr I'liithclium, witli \i>\ 
long, coarao cilia; Wiioaih iilid liirtwncii the tall columiil 
Cf^lla iit n single layer nP pyraniidiil 

8, 7\-anmtu)nal epUliflinm. Thin is the epithelium ol 
tho uriiiary passages aii<] may Ix^ rc^unlKl us a iniKiiGi 
WjiinmouH epitbcliiim, tho iipptTnio^it layer of v^Wfi Ixinj 
es|>ecially oharaeteri^tio. The oell:^ of tliis layer are larj 
cifli?n [loJyriiidi'iir, tliiltriic<l pnl>ic, and have on their IiiW( 
Wirf'aee several depretwions lor tlie cells of the next lowi 
layer. The upper [wrtioiis of iJiese eells of eiihie c.r prii 
malic shape are somewhat rounded and fit into the d^P'^i 
aous in Uie under surface of the su{K'rtieial eclU. Th< 
follow one or two layers of irn^larly ronndetl cells, 
below these, low eohimnar eelU. This epithelium ot 
in tlw pelvis and calicea of the kidney, in the uret«T uni 
blatlder. Transitional epitheliiini is (njNthle of oxt 
distention. In the Madder the form of the cells chanKW 
considerably, so that in the empty condition the sTijK'rtiml 
cells are cubic or almost ciihimnar, white in (he di.-rendgd 
condition they ari' nesirly 

The e|iilhelinrn of ihi- Itiliulcs of the testes aAsnme^ 
esjH-cial arninpi'ment, the l^>rrn of which is vcrj' varial 
and is deprndeni on the fnneiiun. {See |«ige ITo.) 

The RelatioQB of the Epithelial Cells to Ea< 
Other. — llilwwn epithelial cells, iiniro-l to 
tlu-lium. tlj<-iv i» fo)in.l a viinahl.-, tlxni^Hi i.lw , 
amount of cement substance, which can Ix' bhickeiicd uniler 
9|)edal treatment with silver nitrate solution.-*. Freqiii-ntly, 
especially in jwvcmcnl epillielium, tlierc is ob.siT\t'd au 
interloekiusr of the intercellular brides, serratx'd bonii 
of eontijtnous cells. (Si-e I'late 2, Fij;. I.) In ivrti 
epithelia.esjMx^^ially the middle laycrsof the slratiHed ■(piai 
ons epithelium, eontitruous eelU are miile<t by fine, bridgi 
like, protJtphismie piix-csscs, sim'hIIiiI luft-nvf/iilar liriih 
These stand in rt>lalioii with the Hbritlar substance of 
L oriL It ia no t yet e-stablisheci how wi.Wy diatribuiwl s 
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intercellular bridges are ; but it is doubtful whether they 
are found between all epithelial cells. 

Near the surface, especially of the columnar epithelium, 
the Qement substance becomes condensed, being tlius differ- 
entiated from the deejxjr semi-fluid cement. These firmer 
bands of cement are called teiminal ledges. The terminal 
ledges form a perfect network, in the meshes of which the 
tops of the epithelial cells fit. 

The epithelial constituents of glandular tissue are known 
as gland-oeHa. Their form differs in different glands, the 
cubic form predominating. This type of epithelium will 
be more fully considered in connection with the various 
glands to be discussed. 

Special Differentiation of Epithelial Cells. — ^Under 

this heading we may consider primarily the motile appen- 
dages of certain epithelial cells, the so-calkd cilia or fla- 
gella. These consist of i)rotoplasmic contractile fibers, 
which are placed on the free surface of the cells consti- 
tuting the ciliary border. Careful investigation of the 
ciliated epithelium has shown that each cilium arises from 
a small nodule situatt»d at the upper end of the cell near 
the free border. CuticuJar borders are found in the form 
of striated structures situat(Kl on the free surface of colum- 
nar cells, esjx*(^ially of the intestine. This striated border 
probably consists of small rod-like structures arranged in 
a row. The epithelium of certiiin portions of the urinifer- 
ous tubules presents a striated border, the soealled brush 
processes of the cells ; these are known to be made up of 
short rods. It is probable that similar structures are also 
to be found on the surface of the epithelial cells of the 
olfactory mucous membrane. A sfriation of the bas(d por- 
tion of the cells is seen in the cells of the excretory ducts 
of many salivary glands and in certain epithelial cells of 
the kidney. Ei)ithelial cells may show a large number 
of different kinds o( ceU-inchsures, as /^f/, pigment, crystal- 
loids. Other peculiarities of epithelial cells depend ujK)n 
their secretorj/ activity. Xot only do the glaud-cells fwua- 

3 



Plate 5.— epithklial Tissues. 
Pin. 1 . — Translllonml Epithelium from the Human Vn 
Till- prrpumtion wiih tiiki-ii rnini nn iiicliiiduiil nlin linil h«ii<n c 

Tlio dicart diavm Uir niiiUipliani in (he nilU|iMMl or alii^lly d 
tcndal aivlrr. At tliR right is a p(>l,viiuclmr suritaiv orll ; tlie iippe 
lOMl l»y(ir (if Mil' niiir.)«i isswn iimliTllipwiiltlU'liiitn. 

Tmhnlv : Abmiliiti.' alunliol. IIi-riintuxylin-piMLii. 

KHtreiiw U'tU'iv i ;, Surfiit*- itIIs : ^. miiiiilf wiliiljir \nyti- 
laycraof (*1[h; r, isi|iill;irv viwtls i>f liii- iiiimwii. 

Feu. 2, -Stratified Ciliated Epithelium from the Retrlo Ret 
ptratorla of the Human Nasal Muvous Membrane. 

Tilt jirriwriil.iipii v .- : n , n Ti .m i, Im IhlJ 1ii'i<ri cxwiit 

Tim li((iirei.liri" ■■ (111. -inililLcii dlinl«l tpithl 
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■ . li- . ■ . I iiliiiihikii ci'IIh ; r, ri'plttcrmM 

ocJls ; /, oilia. 

Pio. 3. —Ciliated Epithelium ol the Ductus Epldldymldls o 
Man. X 420, 
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Ini.' !■! 11- , r. I'.iiiut IhuIlI urils. 

niL-iii l;pj|hi.-lium vi ihv Kctlna of theCat. 

, .. . >!iiliir jmlvjjiiiiiil "'IIh nri' hIhiikiI IllleU with p 

Knuinlrs. Tlie wll buiinunrini auU the portion Doaml tv tlic t 
Hjipcflr trrn from pigmpnt. 

HeTvrance letwr ; k, JiueA^ne. 



tionate as secrrting ur excn-ting cells, but also, to -j 
certain extent, all mi]i4'rficially plam-d (■jiilliolial rclU 
especially 13 this tnw iif llie qiitliclml wHs of niucot 
memliraiieH. For tliis rpfison it is wtpietimp?* difScnU i 
dett-rniinc whctliiT wi- Iwvi' lieliin^ iis a Inie simple glai 
r a fry\tt ur depression of the mucouB nienihrane, 9" 
t)ie cellx of tlie latttT may a-]m )hi»k-i^ tin- [xiwer < 
sfcretiug. 

'nM" Hecreton' activity of the epithelial efllK is <le]Krni 
eiit wholly oil the iirnlopliMm, the serretions being pnxl 
nets of nn'tamnqilioHiB of the protopla.ain. Tlie prtntsw ii" 
siiTi'iiiin in iHdflt ensily i-iciij;iii/.C(I micruscopicjilly ' 
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concerns the formation of fat, as in the mammary glands, 
or of the Hebuni of the sebaceous ghmds. In vacuoles of 
the protoplasm the secretion is seen in droplet^, 
which are at first small, but gradually increase in size ; 
either the enveloping border of j)rotoplasm breaks down 
and the secretion is set free, as in the mammary glands, 
or, as in the sebaceous glands, the globules of secretion 
which formed separately in the protoplasm become con- 
fluent while the cell nucleus at tlie same time disappears 
and the entire cell disintegrates. This disintegration of 
the cells of the sebaceous glands represt^nts the only 
instance in the human body in which the cells break 
down in the process of secretion. Goblet-cells now and 
then break down after the evacuation of their contents ; 
however, the process is not necessarily connected with the 
secretion. The mucus-secreting C€»lls, the so-called goblet- 
cells, have a wide distribution, being especially prevalent 
in the epithelium lining the respimtory passages and the 
intestinal canal. They may be regarded as unicdhdar 
glands. The se»cretion develops in the form of secretory 
granules, appearing in the protoplasm in the free }X)rtion 
of the cells and developed from the protoplasm. These 
granules enlarge and become confluent. Pmbably each 
cell of the intestinal epithelium may become a goblet-ecll 
in that the portion of the cell lying next to the surface of 
the epithelium forms a mu(x>us secretion from the proto- 
plasm. T\\Q cell assumes the form of an open goblet just 
before secretion, — that is, after the cell membrane has 
ruptured, allowing the secretion to appear at the surface 
of the cell. After evacuation of the secretion, the cell may 
be restored to an ordinary epithelial cell. In other epi- 
thelia, for instance in tlu^ epithelium of the stomach, the 
formation of nuicus se(»ms to occur more simply, nuich as 
in the gland-cells of mucous glands. In many other epi- 
thelia, esix}(^ially in many gland-cells, the secretory activity 
is manif(»sted by the occurrence of ,stahiahle gramdes in 
the protoplobin, the so-C4ilIed zymogen (;rauule«, \{\\\0w 
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rtprpscnt tlic pri'limiiijin' Tikijjts "if" llii; fnnniitiiHi uf tli<^ 
aeoretion. The glaml-oellit, tlio secretion o(* wliich U n 
aoliil or Rt<iiii-«i)li(l, as Tut, i<vbiiiii, mucus, hut fluid, uviu 
h uate tlieir eecretioDs, not simjtly nii liio surface of tlie 
into tile lumen of the glam), hut iiImi hy uieaiiri iif « 
eajtUiaritM. Theae are fine, fre*iuentl y anastomtisiiig diicta_ 
huvtiig no Willis of their own ; they miiy lie hctMre<*fi 
the eell«, where the Wiills an formed of fri-oove-Iilvtf 
<ic]ire!«ionri of the prot"|iliL«ni of runtijfmms wllf*, kiiowo 1 
as intercellular wecretory ciipilliiries. as for inctiince the 1 
hile (!ii])illunes of the liver; other's exli'txl iiitu llie jiiiito- J 




Fift- 1' — I'ortioii nf thr mnonnti memhrnnn tit thp tiuulnH at ths 1 
iiuiiuui HlaitiHuli, tniitMl li; tlie {ii'lin mvttiml. X *'-^' Ttie flgnre 
dhnwii very itUliiirily the inlnuwlhilur wcivtioii i«vi1lur)i>H. ). Luirnm i 
, ot tlio ((laiiil ; k; aunn-lion mjiiltiirirs ut tlie porictMl olMs ; k, ulilcf 
D^U (Riii);le uellH not viaiblt-J. 



plaxm of cells, intnieel hilar w-cri'tory cjipilliini.-! 
certain cells in the glands of the funding of the stomach. 

Another isiK'uitil dit!'i;n'ntiul)on is seen in tiie cwnijkulhi 
nf the oolls of the snperficial layers of the epidermis (i 
pnge 30'i). Cornitieation is usually n<TonipHnic><l hy loaa 
of the cell nudenw, htit the i-cll is prexcrvcd. Comifica- 
tion is preceded by a jrrannlar eondition of the cell proti> 
plusm, the cells containing lit thi^ pIu^^ the so-t-dllwl rlriilin 
or ke.rntohifniin ^anilles (sec pape ;jn;j). Tluwe gninnh 
develop into the kenitin of eoriiifii-il eellF«. 

£pit}ieUa} tis'uv Itsdf eontuina no I iloixl- vessels, but bi 
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tween the cells there are often found the terminal branches 
of nerve-fibers. The epithelium is nourished from the 
underlying layer of connective tissue. Capillaries, how- 
ever, frequently come in direct contact with the epi- 
thelial cells in certain glands where the original type of 
epithelial arrangement is disturbed, as for instance in the 
liver (see page 162), where the blood capillaries lie directly 
against the epithelial cells. 

Forms of Glands. — Although glands are to be re- 
garded as organs, yet it 
seems advisable to discuss 
here the forms of glands 
which occur in the human 
bcxly. The glands are named 
partly according to their 
function (saliv^ary glands, 
sudoriferous glands, seba- 
ceous glands) and partly 
according to their position 
(intestinal glands, thyroid). 

The-/a/*m of the secretory 
aeiniy or of the blind terminal 
portions of the glandular sys- 
tem, is the determining factor 
in the classification of glands. 
Taking this factor into con- 
sideration we distinguish 




'HC 



Fig. 2. —Portion of the human 
pancreas treateti by the Golgi 
method. X 375. The figure 
shows short, intercellular secre- 
tory capillaries. /, Lumen of a 
gland tubule ; so, short secretion 
capillary ; a, gland-cells (the 
single cells are not visible). 



two main classes of glands : 

(1) Tubular, when the terminal portions have the shape 
of tubes ; (2) (tlveoUir or acinous, when the terminal {)or- 
tions are spherical or sac-like. There are certain transi- 
tional forms between these two main types, since the 
tubular terminal chambers of many glands may show sac- 
like enlargements at their blind extremities and similar 
enlargements at their sides ; these are known as tubulo- 
alveolar glands. 
By far the greatest iiumlxir of the glands o? \\\^ V\\ra^a.\i 



b(«ly nro tiibiiliir, or, mon'oiirntitly Htntwl, tiibiilo-ulvi'oliirJ 
III tim Mm|il<'Ht ti>rui, tubular glantlr* (>ce<ir lis simpff 
brmu^ietl titlnJfii, iiM in tlir ^Iniiilis nl' tlic uiU'stinc (sc 
liUfp) 1'^); !*iiM]il(' iiiilir.inrliPil ),;l:inil!« aiv, Imsvi-vcr, foil 
willi till- U-miiriiil |ii.rlii.n n'lV.i/ hil» <i driu, ll;^ iht- siidm 
I'ptiil* <T L-iul-jtljinil:- lA' tlie skin. t)tlnr tiiliiiliir glanclj 
hIihw h limiicliitit!, i'»(K'iiiiill_v t*>wiini tlicir liliiiti cutis. 
){laii(lH tif till' fiimluH of till! KUmuich aii<l nf the til 
, |imwnt tliif |ifciiliiir!ty to ii flight ilrgnt', nnil Uk glntii) 
of till! pyloric n-gmi of the stomuoh to a grpiitcr dcgre 

(ihlitT uilmlar luul tiiliiilo-nlvi^ilur gliimU nrc iiii 
ftniiiMnf, — thai K a largiT iiiiiiiImt of greatly convolti 
tilUilk'H I'lUlity iitio u i/iWoi<y/y tliffWmluilnl enrmmon iltift,— 
giving riM- to a ho-ohUih! »^i4fin of dndt {f^o ncliomce H. <' ' 
Thin chwo wiiipriwd tlu> iliKHlrtiitl glunils nml many anv 
KluiniU of llip unil wiviiy, of llw ]ilianii]c, of tin* tvoph* 
ngiiisof the Irm'hiw, of lint linim-hi, of the nnsol n 

it-mbmur, ami of ilic urvihni. Vt-ry many, am] tliM 
ihf Iniyt^l iif iW tiiUulttr gLiii(U of the huraiin IxMly, ; 
mftonmi glaiHU anil i.»n.>iist of niuuy ^vstt-nis of Ja<- 
into MM' largf c^tnianui tliHH sovenil (•nwller on^ op 

h of whit'li ngiiiii nxx'ivi-s wvrml ttibnlnr tcnnim 
iHvUhuis of ihf kI*^''- This catqpiry cnni|irif«s all I 
DMilimii'Mia^l iumI laiyfT suli\'nry attt) miKtm^ glands I 
iiuniiiiiHri' glaiHl, thi' Ui-ht^nuil gtuntl, tin* kklno-, 
umhI iif Uic glauiU of tlM^ p-iiiti^b^riitan apjumtits, 
|Im> |>rv<stali- gliuu), Uillio-un-iiirul awl vi'^'titinlar gini 
Tlic testes, aitj i-siai-uUy ibo \Wvt. n-pni^ut (wm|aiund ] 
tubular ^UtHls. ib<' tuluilrs of wbK>-h i»<t.-tHiitly 
<lu til'- - — '"" '' ■ ' ■'"■ vTillwl rftli-uJiu- gUnil^ 

'nil ,rv mitoh Wk wi<lcU di>iril>a 

than \ Alvmlar gtaml? which c 
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human body the one compound alveolar gland, consisting 
of several systems of ducts, is the lung. 

There are glands without excretory ducts, as the thy- 
roid. These probably pour their secretion into the blood- 




Fig. 3. — Diii^;iBmmatic representation of the forms of hnman 
glands: /, Stmiicht, unbranched, Riniple tnbnlar ^IbihI ; $, nnbranchei], 
simple tnbnlar ^land, eonvulDinl at the extremity ; J, simple tubiilMr 
gland Forked near tlie extremity ; 4. wimple tuliiiliir Kluml. showinjr 
aeTeisI branchpH ; j, tubular K'and, showing many brant^hes (ay^lem 
of dacbi) ; 6, eoiupound tubular giniiil ; ;', niinple alveolar glami con- 
sinting of one atveolux; i^, Himple gIniHl ounsinting of several ulveolj ; 
3', HJmple gland consisting of nmiiy alveoli ' 4', romimund ah'colar 

or lymph-vessels (so-called hitemnl netretion). The ovary 
empties its socrctiou, the ova, thrnn^h the niptiirwl gliind 
follicles. The alveoli of ^hnids consist, in aildition to the 
g)an6-cc])s, of a generally Btruetareless meraUvAWft s,mi- 
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rounding the gland-cells, the so-K-allci iiumbmun i)mpria,M 
which [irfiimlily rcpresfnts h mrmhmiif fiiriiifd by tbi 
fuBiun of councctivc-tisHUe cells (according to otherH, 
mcnilimny Conned by srcreliim iif tin- eiMthcliMl wllit) 
(JctWiioimlly the mcmbrana pmpria conlnins nuclei, h faod 
which coMtminilicatcs u wcrrtni-y orijiiri. Other ghinds^ 
da the sudorifcroiiK gUimls, have i\ luyer of smooth muiwle- 
fibcrs botwu^n the glandular epitlictiuin ami the menibraiui 
propria. 

While tlie gland-nelk represirnt tlic iwironchyma ofj 
glands, the nit£>r»titial tiMiiic or ^Inmm ts tbrmcd of loc 
connective tl»i4ue, which filU the intersjtaci'H Iwrtwwn thag 
gland tubules, otc, and coutuins t)ie blixxl-vf^sscU 
nerve& of tlie gland. 



THE SUPPORTINQ OR CONNCCTINQ TISSUES. 

TIic entire group nf connective tiwsucs, funning uii iin-^ 
portant jiart of the adult human IhxIv, Iuis a coiumot^ 
hietcqrenesis. 

All forms of wmncctive liwiue develop from llie menen-^ 
r chyme, which ia not prt^cnt at the lime when the hhistodem 
I consists of tlie iha-e germ layers, the ecliMlerni, niew)dpni 
I and entoderm. Il develops seci»ndiirily by cIcivagcfscimrB 
\ tion of single cells in certain regions) from tlie middle gerni 
layer or me§oderm, which tlion diU'crcntiiites into nn ppi< 
I tlielini portion, the mcMjtlicHum, and uconnectivc-tissw 
portion, the mesenchyme. The lather, at iti> first appenr^'l 
ance, consists of qnite niiifonn branched celli*, tlie cmbry- ( 
ooal oonneetive-tissue cells. Tjnter, however, mauifold g 
differentiations occur, so that it bemmes neccs«iry to reo 
(^iKe a great nuinlxT of subdivi^iims of the connective^ 

nective tissues an? characterized hy the fact that the seen 
dary elementary coii'^tilucnlt), grunm) nutHlanci' and Rbc 
predominate, while the cells in the luujority of connectives 
i tisaam are Ims prominent. 
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In the various types of connective tissues the following 
elements may be recognized: (1) Cellular elements, the con- 
nective-tissue cells, or, as formerly designated, the connec- 
tive-tissue corpuscles, with the aberrant forms of cells; 
(2) fhers or fibrillse ; these are divideil into white fibrous 
tissue-fibers, reticular fibers, and elastic fibers ; (3) ffround 
substance. 

The cells of the diflferent subdivisions of connective tis- 
sues differ widely in shape and structure, altliough they all 
develop from mesenchymal cells. The cells of gelatinous 
connective tissues (see pige 47) most nearly resemble the em- 
bryonic type and are connected by distinct processes. The 
cell-bodv of a connective-tissue cell is usually flattened and 
presents several or many protoplasmic processes; stellate 
forms are frequently met with, and now and then cells of 
polygonal form. The processes of neighboring connective- 
tissue cells frequently anastomose, as may be observed in 
the large and typically shaped connective-tissue cells of the 
cornea. In the majority of connective tissues the cells lie at 
relatively great distances from each otlier and are separated 
by large amounts of ground substance or fibrous tissue. 
While most connective-tissue cells are relatively small and 
flattened, certain varieties are characterized by their size 
and their abundance of protoplasm; to this class belong the 
80-e^lled interstitial cells of the testis and ovary, the plasnui- 
cells and mast-cdls of ordinary connective tissue, the last 
of which sliow peculiar stainable granules (see page 59). 

Marked variation from tlie general form of coimective- 
t issue cell is seen in cartilage (see page 48), in adenoid tis- 
sue, and in adijwse tissue. The cells of adenoid tissue 
known as lymphocytes are of spherical form, with rela- 
tively large, round nuclei. They stand in relation to cer- 
tain cells of the blood, the sfvcalled leukocytes (see under 
Blood, page 57). The cells of a(li|K)se tissue consist, for 
the most part, of large fat-drops, the nucleus and proto- 
plasm of the cells being compressed and flat and crowded 
tx) tJie periphery of the fat-drop. 
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PLATE 4.— CONNECTIVE TISSUES. 

Fig. 1.— Reticular Connective Tissue from a Human 
Lympli-gland. X *'^)- 

The preparation waH taken from an individnal who had been exe- 
cuted. 

The figure shows tine and coarser trabccula*, which anaHtoniose and 
form a reticnlar framework. Round or oval nnclei lie on the trabeo- 
ulic. 

Technic : The preparation was made by sliaking ont the cells from 
a W'Ction. Hematoxylin-eo«in. 

IJeference letters : /r, A larger trabi«nla. 

Fi(}. 2.— Interstitial Cells of Human Testis, with Crystal- 
loids. X •'HK^. 

The preparation was taken from one who had been executed. 

The figure shows eight of the large eon neetive-t issue cells rich in 
plasma, which aro found together with the ordinary connective-tiasae 
cells as the interstitial tissue of the testis. Four of the cells con- 
tain (one to three) crystalloids in longitudinal or cniss-section. One 
cell hits two nuclei. 

Twlinic : Zenker's solution. Hematoxylin-e<)sin. 

Reference? letU-rs : Ar, Crystjilloids ; Xj transversely cut crystal- 
loids. 

Fi(}. :i.—Mast-celi8 from the Interstitial Connective Tissue 
of the Dog's Prostate, v r^H). 

I^'sides the usual small etrlls, th<» figure shows four large wm nee tive- 
tissne e^'lls, the c<;ll-lMMly of which is lilltMl with lMisoj)hile granules. 
The nucleus, on iKH'oiint of this fiw-t, is not distinguisluible. 

TcH'hnic: MUllcr's fluid. Hematoxylin-eosin. 

RcfcnMKM' letters: wi, MjLst-<*ells; />////, nuclei of ordinary ccmnective- 
tis«*uc cells. 

Fi(i. t.— Connective-tissue Cells from the Cornea of tlie 
Rabbit, y .VH). 

Tlic figure .shows the large e/miiective-t issue wllsof the cornea with 
anastomosing pnH'css<'s. 

Technic: (lold chlorid prepimition. Formic wid. 

The en/lofhclif/l nila n^prosent a sp«'ial variety of ccni- 
neetive-tissiie (U'll.s (sec also ]);ij2:e 115). These are flat- 
tened cells, arraiicrc»(l like epithelium, and in many j)articii- 
lai's resemble simple s(juamons epithelium, from which 
they differ genetically. Cement suhstanee joins the cells, 
which are often arrange<l wiih p'eat rejifularity and which, 
in a single layer, line the hnnen of the hlcxnl- and lymph- 
vessels and occasionally other cleft-like spaces of connec- 
tive; tissue, as for instance Inirsje, joint cavities, and 
anterior chamber of the eye. 
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The cells of connective tiHsiie may contain several kinds 
of inolosiires, an fat, pigment, crystalkiidw. 

Tliree kinds of fibrous elements of connective tissue 
are rec(^nizeil. Tliese differ niorpholopieaily as well as 
cliemieally : (1) White libroiLS eonnective-tissne fillers or 
fibrillie; ("2) reticular fibers or fibrillte; (3) elastic fibers. 

The wkUe fibmoH tiimue fibrils are fine fibrous elements 
less than 1 ji iu diameter, which yield gehitln on boiling 
(collugiiious connective tissue). They nirelyoccnr singly, 
but are verj- generally united into 
finer or (XKirsier bundles by an inter- 
fibrillar cement substance. They 
dissolve in caustic potash and l>c- 
a>me swollen and transparent in 
acetic acid, so that under the micro- 
scope they are no longer discernible. 
They digest verj- slowly in pan- 
crcutin. Hdiruhir jibrih resemble 
the fibrils of white fibrous connec- 
tive tis.sue, but differ from them in 
that they do not yield gelatin on 
boiling. They are not digested in 
panorcatin. 

The eUiMtic fbfrs varv' ver^' much 
in thickness ; the finest are scarcely 
lai^r than the conuective-tissue 
fibrils, while the largest are as large 
as relatively lai^ ooimwtive-I issue buntUes. Tliey arc 
easily distinguislied optically as well as chemically from 
the connective-tissue filers. Tliey are strongly refRicti\c 
to light and resistant to alkalies and acids. Even the 
lai^;est elastic filn^rs cannot be broken up into librilhe. 
Tliey are composed of ;i delicate outer shoiith, which does 
not stjiin in magenta, and lui interior which stains deeply 
with this stain. They yield no gelatin on boiling, but 
they yield elastin. They art^ reailily digeatod in \r.m- 
creatin, less readily in {tepsiii. They ucoaswvvaU^- {\>v\ii. 




FIr. 4,— Elastic 
inuiibraiie from tlie 
human urteriu btwilaris. 
XJ2II. 
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fibrous networki, l!ie iiicfOics of wliivli are so eiiiall that 
clonic p!iiles WMiilt, [lossewiiiip imly email opfiiiiigs, wliiulid 
are rallitl e/rijit.iv maniimufM (Fig. 4), 

The views of inventigators |>eptaiiiing U> the dcVflop-J 
niciit uf iil)ii)iis cU'iiiciiUj of coiiiiiTtivt,- tixsiK* iin- »{"' 
variaDec, Certain olwervcru reganl the libruiiH elei 
., as prtKliiots of (.'xcretiiin or fixation of tlic ^roiiiul 
stance.' This view is supported by tinsatisfactory evi-j 
denw. Ai^ciiitlin^ to oiiollier tiieory, wliieli Ih )»u}>[)ortt.-a 
by mimy obaervations, the fibrous structures of the conneo** 
tive tissues, iiicbidinj^ tlie eIn.stio HlKr^, arixc from the eoti-H^ 
Dective-tiHsnc cells theituelvcs and in tlieir protopliisni ana 
later become inih-iioiicleiit. 

The ground substance of the various connertivo ti»- 
sues varieH nrwitly ; it uiiiy be fluid or wini-fluid, as in tlid 
blood iiiid loo-* eonueetive tisetie, or it may have n solidl 
oniitiistetic<>, as in ciirtiiatre and Ihiqc (see under tluK tissual 
pages 48 and 81). Only rarely, as in many kinds of i«p- 
tilagi', do fibrous Klrui-tuivr) ooeiir in llie ground suhatiinc< 
(here they ore chcniicfilly tdeiiticiil with the ground sub-l 
Btoiice). Ah a ^neral rule, tb<> ground Hub.stanee of lli« 
various (wnucetivc tiitsues is humi^'niiHis. 

Acoonliug to the relation and niorpbolt^c cbaractei^J 
i»tics of the colli* or ol' the intercellular f^uWunee. the fol*! 
lowing groups and varietieB of ooimeetive tissue are dia 
tJRgiiislied : 

Group A — ChiimHtrized hy Oie Fihcm : 

1. Simple fibrillar eonneetive tissue. 

2. Elastic tissue. 
Group B — Clinrncfrrizril hi/ llir Groiinil Siifwl'iiicf 

1. Gelatinous connective tissue. 

2. Cartiliige. 
;i. Bone. 
4. Dentine. 

' In the );n.iiiiiil hiiIihIuiili.- uf li.viiliiic i«i-tiln|^,Il)irou» Fnriiiat!on8 til i 

" •Kniiinil .sit/wlflrifv (Kvnr, wliii'h nrc. hnwpvpr, i'h.>[iii<'nlly nlpntionl J 

ft tile groiiml auljaUuici- ilrt-H wul luki? Un'\t ov^ii^n InnaW.. 
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^H roKSKcriyj tissue. 4-5 ^H 

^M Group C—ChitrarliTUfd by the CUIuliir Kleiimils: ^H 
^H t. A(litK>i% tissue. ^^| 
^M 2. Pigmented connective tissin'. ^H 
^1 3. Retioiilar and adetiuid c'lMncctivf tUsiR'. ^H 
^H 4. BliHjd mid boiie-niarrow. ^H 
^B The simple fibrillar coonective tissue may be AirtlkT ^^k 
^H subdivided into two classes, whicL are nut very Hhari>ly ^^| 
^Hdefiaed: (n) Lnoije councctivc tissue; {b) f'unucd comity- ^^| 
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^^Krhich us i 
^^Kve tissue 

^BThfi diaw 

^^ftre nmiiii 
^Ki bundle 
^K«ide8t> 
^^uective ti 
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iloBtic fibers and » ooiinectirc-tienie cell. M. CanaeeWwtr- ^H 
le ; (/, FluHtio libpis ; k, ducIvhb uF uounLfStivp-tisBue t«ll, ^H 

In structure the two forms are almost alike. ^H 
cutiatiun rt^ts un the iimiuicr in which the char- ^H 
eleiiients of the eoniiective tissue tibers or fibrils ^H 
fwl. In loose ciiuiiective tissue they sre found ^H 
i of^ dlfferwit size, having a slightly wavy course. ^| 
le huud[i;s of (;onuc(itivi>ti8sue fibers, loose cod- ^H 
ssue always eontains elastic fibers of varying ^H 
id nhv, H'Jiicii caD be easily <\\ativi^\«kied ivi^vo. ^H 
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the connective-tissue bundles by their different refraction 
and by the different chemical reactions (see page 43). 

CelU are found very sparingly in tlie ordinary loose 
connective tissue of the human body, giving place almost 
entirely to the fibnms elements. They are generally of 
flattent^d form and lie on the conn(»ctive-tissue bundles or 
surround them like a ring. They almost always lie at con- 
siderable distances from eiich other and constitute the so- 
willed fix(id connective-tissue cells. Besides these, tlie fol- 
lowing occur as cc»l hilar elements of loose connective tissue : 
(1) Ijeukoci/tes (see page 57), which are found here as 
in nearly all tissues of the human body, even in the 
epithelium ; (2) j^cumui-i'dls and nuid-cclhf large connective- 
tissue e(?lls, which are rich in pmtoplasm (see page 
4 1 ). Their numlxT is very variable ; sometimes they are 
fnmul alHindantly and apiin only singly or not at all. 

Concerning the ground substance of hnise connective 
tissue we jK)ssess very little definite informati<m ; it is 
i)robai)lv of a ncjirlv fluid e(msist<*nev. 

The lo<)S(? <'()iinective tissue is distributwl over nearly 
tin* entire IxkIv, but it is nirely foun<l alone, being gen- 
cm lly asscK'iated with adi|M)sc tissue, as intermuscular, sub- 
cutaneous, submucous, and adventitious connwtive tissue. 
The fornu'd nmneclivc tissfie ih distinguished from the 
loose csi)eciallv by the fact that in the latter the connec- 
tivc-tissuc bniKHcs have no regular arrangement, while in 
the I'oriner they arc panillel or arc arranged in a network. 
The ground j-ubstaiK-c is pn'sent only in small amount ; 
ill tendon it is present mostly as cement substance. 
Helatively few clastic til)<*rs are prcxMit in t<-ndon ; how- 
ever, in the dense connective ti>sue of the cutis, elastic 
lihcrs an; abundant. The cells <>f formed coin)c<*tive 
tissu(» arc m'ucnillv more abnn<lant than in loose con- 
nective tissue and arc more regularly arranged, as is mjcu 
c<^|K*ciMllv in tendon. I^ctwccn the lorined and 1(m>s<» or 
anolar eomuM'tivc tissue there arc manv transition forms in 
the human Ixxlv. Areolar connective tissue also occurs 
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in tlie form of supporting tissue fur the fonued connective 
tissues, lis for inslnnoo in tendons (sec page 93). 

The dense or formed connective tissue is found with 
parallel arrangement of its Gibers in the tendons, fascite, 
and fibrous membranes, and in the cornea; with reticular 
arrangement of fibers and with more irregular course, fre- 
quently passing over into other connective tissues without 
any sliarp boundary lines, in the peritoneum and great 
omentum, in the cutis, and in the basal layer of mneouK 
membranes. 

Elastic tissue, which is often not clearly separated 
from fibrous connec- 
tive tissue or passes 
over into the latter 
without distinct de- 
marcation, is charac- 
terized by the presence 
of numerous, generally 
lai^, elastic Mkts of 
almost parallel ar- 
rangement. Typical 
elastic tissue is found 

in the ligamentum nu- 

chee, especially of large elastic fil)en<. 

qimdrupeds. In the 

ligamentum nuchie are found large elastic fibers, which 

frequently anastomose in a framework of loose connective 

tissue. 

Nearly pure elastic tissue is further funiid in the nuicous 
membranes of tlie wspiratorj- tract, esiKfiidly of the 
larynx (membrana clastiea), of the traclicii, of the bi-onchi, 
and of the lungs (alveolar wall) ; al^i iu the vascular sys- 
tem, in which clastic membranes ocrur iu addition to the 
elastic filx-rs (sec paj^' 4;t). 

Gelatinous connective tissue, the first sulHlivision of 
the connective tissues eliaracterizcfl by their grouiid snlv- 
atance, cannot be said to occur, us such, iu the adidt ; 




—Portion ot e 

ot the liganipiitntii nuclide of the oi, 

X iJO. bd, Loose couiiective tiwue; e, 
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t'w. 7. — (icIoliniiiiB wmtn-oltii? tiwuc from ii 
umliillcnl cnn) of the nrw-hnru. X ^>> ^i Fihrin ; Z, ocll* wffl 
tliie ^□iilw of rut in tlie )ir(ito|ilMni. 

Pi((. S. — I'urUou ol a wom-BocLiou of ft linninn lyntnl cnKllai, 
X ''25'). The tigiirc bIiowb Ilie typiuil plotiirv of a liynlinc nirtUi 
with mrtilBKH («|i"ii]e>t. wtifch mnUiEii twu or mora wlls. In l_ 
protoploam, and uIm) in tlie nuclei of tbti ivlls, tatdruplfUftrcfotiiid 
/. F&l droplfiA i A*, iiiiclri ai cortiln^ oclla ; kk, nkrUln^ oiqniiloB 
iT, cortilagt' m-Hk. 



lii>wcver, wvi'nil "f tho very Iixjw connective tissiKs*, with 
wnruity of AIhts, [wawas a groiiii«i 8iibntance wliicli jl 
gcltili[ioti!i or setni-fliiid, as for inKtiince the tiNsUL- 
rotindtng the menibnintiiis Bcmicirciilnr eanab, aiid 
connwttivc tiewuiis rlniwly n-sfiiuWe (relatinmiN i^nuoctii 
tinauc. In the new-born, typical geladiiuiis tisHue is (bi 
ill tfie umttilinti corrt. The atnicrtiiro of tJiis varifs 
.ihghtly fi-om embryonal winnective tisHiic, and of all 
viirieticH of wiuin-etivf tinsiie it is tlic one which int 
closely reHemMQH niesencliymal tiasiie. The gnmnd sal 
Ntuncft \» ^-liitinoiia, tho ttssne 'm r'lvh in wile, tlic prAj 
cesses of which djutiuctly anastomose. In mesennh; 
or fmhryonir wmiKH^tive tissue tlicre nn-, when first devt'l-' 
o})«l, uo fibers ; in gelatinoiw comiwilivc tissue they are 
prcst-Tit ill modenile niiitiU'r and, even wlien nmst fully 
di'velojM'd, form iui incouspiciioiis portion of the tissue, 
\"iTV frcijiK'nilv jrd II ti nulls c^nneotive tliMue oooure 
imtholo^nr iWni.iitiuns. 

Cartilaginous tissue is readily distinguished from 
iithiT Uimis 'if (lonnwtive tissue by its ground substance, 
whit^li, though elastic, is liard and, when [inealciSed, cini 
W- cut tuiil yields vhoiuinn on Wiiling.' Of the different 
kinds of ratriilagc which occur in the animal kingdom, only 
(hrw are fimnd in the human bt^idy : H) Hyiiliuecurtilnge; 
(2) elastic rartilagc or roticiilar cartilage ; (It) ctmneetive- 
tisttue e«rtilage or while fibn>-eartiliige. 

' lu ft wider woiweoertnin tiasurnnrr' cluimetvrlzediMnirtila^ wliiuli 
hnvenutrtilagiiiuuB wiaslBb-nej, but which «)iiaiiit of pnno oonncrtiie 
tlmiiR I tarsal cnrtllogi', Kb!.), or evi-n Uip (^miirynual chotiln doranlis, 

irhit<h geiifilvaily M ijuilt' u diffirvTit. ntl'iiiaili'e. j 
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Hyaline cartilage is opaque and bluish-white in color. 
Its ground substance is homogeneous, trans jmrent or trans- 
lucent, and yields chondrin ; in the ground substance there 
are found, especially as the age of the individual advances, 
peculiar fibrillar structures, which, like the ground sub- 
stance, yield chondrin on boiling. Calcification of the 
ground substance occurs in many cartilages as age advances 
and also during endochondral bone development. The 
cartilage cells are found in spaces in the ground substance, 
the cartilage spo/ceSy occurring at variable distances from 
each other. 

In many hyaline cartilages each cartilage space is sur- 
rounded by a narrow zone of ground substance which is 
characterized by stronger refraction of the light ; this is 
known as the capnule of the cartilage cell. In the cartilage 
8j)aces are found the cartilage cells, which are round or 
oval in shai>e and without processes.^ They occur in 
groups of one, two, or even occasionally more cells. 

Young or embryonic cartilage is poor in ground sub- 
stance and rich in cells. The cells divide mitotically and 
a new capsule forms about each daughter cell, forming a 
bridge of hyaline ground substance, so that each new cell 
finally lies in a new space. In mature cartilage this does 
not appear to happen in all cases ; for this reason, in most 
hyaline cartilage, spaces are found which contain more than 
one cell. It is very common to find two neighboring cells 
which are flatteneil by contact ; occasionally, especially in 
costal cartilage, long (^rtilage spaces occur containing rows 
of cartilage cells. We possess no evidence that cartilage 
cells divide amitotiwilly. Hyaline cartilage is very widely 
distributed in the human body as the cartilages of the 
joints, the costal cartilages, the nasal cartilage, certain of 
the cartilages of the larynx, cartilage of the trachea and 
of the larger bronchi. 

Elastic cartilage is characterized by the presence of elastic 

* In lower animals there are varieties of cartilage in which the cells 
Jifp poBnected by processes. (See Nutrition of CartUag^.'^ 
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Fig. !>. — Port.inn it n criiB-ecrtictii of Uir dnxlic cnrlilngc of ttwA 
I^iTUil enr ut luaii. X 3H(I. 'Die Aicuf^ ahowB the IjpJml pKrlure d 
elttBlic oortltuRi.'. r/, Ritutio Utwrs ; /f, nuult"! uf uutilo^e («I1b ; * 
Mjiaiilienr cnrtilu)^ oi'IIh. 

Fiic. to. — I'lirtiuri vt u HAaiuii ot tLe liiU'rvcrWbrnl diw tn)ni n 
X "Wb. A", NucU'iiH of itirtiln){i- wU ; At, unrtilimc cnpaulis; 
onrttln^ct- caiwulw Hiih enleitlcalinii Knuinl(« : X, rartilntc cell. 

filwfH indio gniiiLnIsiibfltandf. InwrtjiinplnccHlIii'liyalii 
rurtilu^i- (KisHi'.i iivi-r ^mdimlly tiixl williout iiriy ilctinite " 
of ilfmaroalion iiilo cliLstk' carliliijrt. Tlu- hitler, liowi- 
alsy wi'iirw iii<U'i»*'iu]eiill_v, KWlic filici-H, varvirig ' 
funil dciiHc iiutwi>rk»', c>!')K>(;iully ulHiut tlio oirliliigi- 
Where the oliislic <airti!age (xwiirs without tran.Hiticin 
hyulinc rartihi^, as in tlic wlrtill^r»' of tin" pinim of 
air ami of tlie I'liitclnttiH, tlie network of elamtic fibers 
denhT and nearly filk tlie entire ground siibsl 
tln'onfrlioiii lilt' eitrl ilitjfc. Where tlien.- h a gradi 
tranKilion from one kind of ejirttlagt' lo the othci, 
iw at tJie end of the vocal (iroeetttes of the arytenoid 
«irlilH;ies and |ipnerally in the cartilajps of the Binallor 
bronelii, a few flnc single flastic fibers are found in 
hyaline gnmnd eubstanw, wliii'h trradimlly lKH!()mc mt 
abundant and denser, :ind linally, forminiy: networks, 
qnirr ihe siinie eliani«tj>r a.s in \mn^ elastle estrtilage. 

White jibro-cartilaijr is chanictcrizi-d by the fact 
bundhit of eouneetive-tiMsne filK^rs are found in a 
small nnioiintiif ground eiil»tuiic-i.-, between which carti 
cflU lie in dl.-stinet cartilage Hpaces. The cartilagin< 
nature of thici form of eartilagi' is doubtful, esjH'CuiUy 
it does not yield ebondrin on boiling. The stntemi 
regarding the iwnirivnee of this form of eartiliige, in pla< 
wliere simple fibrous tia.-ne iwems to oecur at timefi, are 
very variable. In any eiiwe the weurr^'iiee of white tibnw 
nirtiluge in man is limited to the fibro-eartilaginous intei 
vertebral discs and certain interurtieular di«w and li 
ments, 

C^rtilftge and dentine are probably the only kind; 
coaaective (issue which coutaiu no bVood- awl Wv«yli-v« 
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filiroim ndwiirk!?, tlii> luc^lion ot'wiiicli are so miiall t 
fluglic filnfea reiiult, iNiriACFemg unlv HmuH opinirigii, whicbj 
are lullnl el'iMii; mfinlirmiM {V\^. 4). 

Tlic vit'WB of inve»ttigatora |M'rtjiiniiip t<i llii- iIcvuKip- 
meiit of fibrous clt-inente of connective Xw\ie are fetill i 
vuriiinco. Cerluin obsurvcre ri^inl the (ibmnn cli-iiienbi 
, aa pnxluots of excretiou or fixtitiun of the gniuntl Hub< 
stance. * This view is siipjHirt^-il by iiiiKatisfiM'tory i 
denw. Accordinj; to another tlieory, wliich is siijiporl 
by many ol»s«.TVution«, the fil>n>u« ntnictiiifM of tlie 
tive tm^iicts inRliulin^ the eWtir tilers, ariw from the con^ 
nective-tisBui' wUs tlii-niad vc?' hikI in llii-ir prodipliiiKm ana 
later become iiiilcjM'ndeot. 

The groaad substance of tlic variouM fonm-rtivc tia 
Hiiew varies jji-eally ; it may Ik* fluid or semi-fluid, as in thd 
bliKKl and Itmse ciimii.'clive tissiii', or it may hiivv a sotidf 
ooiisi.Htoni'e, n» in rarlilage and Imiie (we tmder this tissti^ 
[Kigi-B 4S tind 81), Only mri'ly, as in iimuy kinds of oaN 
tilage, do fihroiiri strnctiires occur in tiie ground substanof 
(lien; tlicy fire clicniltwlly iilwitimil with tli« i;roimd i 
. stance). As a general rule, the gmnnd aubwtauce of tbi 
various mniiective ti.-<»iip9 is lioniot^cticms. 

A«oording to the rolati'm and morjiliologic clinmctvp- 
ietieo of the cells or of the intcreellular wihstance, the fol-j 
lowing groiijn« iind viirlotics of connt^etive tissue are difl^ 
tingni.ihed : 

Group A — Chariidirrisai hy the Fiberit: 

1. SinijiK- tihrillar eonnoclive tissue. 

2. Ehistif tissue. 
Group li — Charncierizcd ty the Oroinul SiJ)daiice: 

1. Gcliitinnus connictive tissue. 

2, Cartilage. 

3, Bunc. 

4. Dentine. 

■ In llip KToiinil »nbHlnii(w of liynlliic cHrtilngc, fihrmif tcimmtio' 
llH'Bnniiiil "iilwuiiiw fliY'ur, which lae. hiiwcvtir, rliiTiii«»lly idi-iitlivilj 
irith tlieaitiaiid wibstiuiet; itwif (iiid tiikt tlii'ir utini'i '"'in il 
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Oroap O — Otanaierked by the Cellular Elements i 

1. Adipose tissue. 

2. Pigmented connective tissue. 

3. Reticular and adenoid connective tissue. 

4. Blood and bone-marrow. 

The simple fibrillar connectire tissue may be further 
subdivided into two classes, which are not very sharply 
defined : (a) Loose connective tissue ; (6) formed conuec- 




Fig. 5. — Loose intermiiticuLir coniipctivi' ti»m<' nt man. X 140. 
Tlie fignre shows the limi<tle» o( coniiwtive-tinitue fJberi', liclween 
which are eloHtic IiIht^ anil n coiiiiectivt^-tisHuu cell. M, Omnective- 
llsBae buoille ; ef, t;la.->tic ii)M.T!< ; k, Ducleiu ot nnnnn^tive-tiiwue Cfll. 



tive tissue. In ritnicture the two fonn.i are almost alike. 
The differentiation rests on tlie munnir in which the char- 
acteristiu elements of the I'litinec^ive tissue liljcrH or fibrils 
are arranged. In loose connective ti^^rtne they are found 
in bundles of ditlerent size, having a sligiitly wavy course. 
Besides the bundles of connei;tive-tiHsiie JIImts, loose con- 
nective tissue always contains elastic filjers of varying 
number and size, which can be easily distinguished from 
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thiH resemhlc tibroii^ conncclivp tissue, in that t 
drops hiiMtiiL' miislWanil finally iiitirGlydi8[i|))n'ur. i 
atmjiliir iiiliponi! tts»<iic is, however, not identical 
fihrfiiii- roiiuwtivc tiiwiic. 

Pigmented coDnective tissue (see Plat« U, Fip;. ll 
\h fuuinl wry ^-puriufjly in tlii; liumiin iKuly, wliili- in tlif 
InwtT animals it hat 
A', II wld<' ilistribnliooj 

\ und iu C4.>rtain funiU 

all Ihf tihn 
upctive tissue ispig- 
mcnU-d. In man it 
is conntuntly and 
well (it'veli'iwdonly 
in UiP L-horuid niul 
iris. Tliecliaracter- 
iMin fcjttnrc i>f tlii» 
pdnncftive tifwno i 
ihnt tiie reltilivcljj 
abnndant connec 
tivf-tissiiowlUc 
ttiin fini- different)]! 
<iil(iifd ])i(^mt^ 
griinulea (ytUaw, 
brown, or black), 
wbidinrarty Jill the 
IxKlyof the'cell; a$J 
tliti .sanii' timu I 
tissuf contains feir 

1 W»n trom titv tiiAe; M. mt-mbrnue uf fnt- 6lM?rH Tlic preSOtlOl 
I »U; ^.«ry-Wl^ of pifrmpnt i 

neotive t'tKMf. ia a 
' ways aaenciated witli the |)iYito[)liiMni of tlie pclis. Eve 
when jiigmenl oceiirs in sinidl umoiintK. in fibrous winnectiw 
tissut!, an (xtcsHiunally in the skin and in oiticr jiliu' 
[■hrayN <-«i-n«>d by llu' ,;\\g. The pinnn-iit-ti tronnettivd 
I -li:ir|ily M-|iarHt(.'d from ordiiiury 




fllW*ll*«iili f,.r(' 
0011 IH in VMUolvH. 
tive-tiwuc ufII ; 



bK. Nuolt<ufl 1)1 (niTiDrfv 
A',, nuclruH nf Iat-c>'ll 
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nective tissue. It is relatively rich in cells ; it generally 
appears as areolar tissue, similar to the ordinary loose 
connective tissue, but it is much poorer in fibers, which 
rarely form large bundles. 

Lymphoid or adenoid tissue is a form of connective 
tissue which is very widely distributed in the human body. 
It is found in a compact form in all lymph-glands, in the 
thymus gland, spleen, and all the smaller lymphatic 
structures of the digestive tract and of other mucous 
membranes ; in the diffuse form it occurs in the red bone- 
marrow and many mucous membranes, as for instance in 
the uterus and the intestine. The lymphoid tissue may 
be said to consist of two types of connective tissue, which 
together form such organs as the lymph-glands, thymus, 
and spleen ; one is a fine connective-tissue framework, 
which is partly fibrous and partly cellular, the reticular 
tissue, and the other a mass of round cells filling the in- 
terstic^^s of the reticulum. The elements of the latter 
belong to the category of the lymphocyteH and leukocytes or 
colorless blo(xl-cells (see pnge o7). They are round or 
oval elements, with large round nuclei, and enter the cir- 
culation as lymphocytes or mononuclear leukocytes. In 
the bone-marrow (see ]>age 61) and in the spleen other 
forms of cells are found. In the lower vertebrates the 
reticular connective tissue is formed of anastomosing stel- 
late cells. In the higher vertebrates and especially in the 
larger mammalia, the reticulum consists for the greater 
part, and in certain regions jx*rhaps even exclusively, of 
finer and coarser branching and anastomosing connective- 
tissue trabeculfc, (M)mj)ose<l of reticular and white fibrous 
tissue fibrils on which lie flattened cells. 

With the exception of cartilage, dentine, and the connec- 
tive tissue of the cornea, all forms of connective tissue 
contain bloo<l- vessels, though generally in small numbers. 
The cornea contains nerves ; only cartilage, bone, and 
dentine seem to be d(iVoid of nerves. 

Lymj)h-ratselSf as sucJi, are rarely tVn\\u\ \\\ Qw\\\\>viNANvi 
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tissue, but tile (wll fi]Hiix>& unil i-iinuluMili are imibubly to 
[«■ rcBimlKl as the radicles of the lyiitpli \'a3ciilar system. 
Tiicso are to \>e obBcrveil nwwt disliiidly in bom-, lying 
^beLwiH'ii tliL- (vWa luiil till' Willis of the iluveraian caaaU 
. in tlie cornea, where they also (hmuit jis poricdlulnr 
V*, iK'tWM-ii tile itIIh (inil the ^lund Kiihstaiicc. In 
f kimls of connective tieisue, the tii^ilo tlniil sceina to 
Ufvulnto in the f^iiniiitl substuiiec, as in cartilage. 




Fig, 13,— Frmh UUxxl wltlmul the Midilion ot fluid. X R50. The 
fitgan KliawH ml nod wliito liluod-cvlls uiid tilond ptiitrlfts. p„ Bwl 
VWMNl-cnllB seen on tlir OM BiirlUuc; r„ red hlix<il-rellM teea on edge 

tmilfWii)! ■■„ rwl WiMid-wliaswn n*rtlj (mm ilit-BiJc; r„ sphcrknl 

red hlood-cplls; (, lfukocyt4w. ;i, biriod plntrlFta. 



Bbwd.— Al^l'^'!-'''' '" ^'"' 
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■ illy it in sianvly to be 
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warranted in considering it a tissue with a fluid intercellu- 
lar substance. 

The blood is composed of a blood fluid, tlie bhod 
fiamm, and of the formed elements, the blood-corpuscles 
or blood-cells and the blood platelets. The blood plasma 
is regarded as the intercellular substance, since it originates 
embryologically as an intercellular substance. As the 
blood plasma is homogeneous, it cannot be analyzed micro- 
scopicaUy, 

Blood-corpusdes are divided into two main, sharply 
defined groups — the colored blood-corpuscles, or erythro- 
cytes, and the colorless or white corpuscles, the lympho- 
cytes and leukocytes. The colored or red corpuscles 
appear yellow under the microscope ; it is only in thicker 
layers that they appear red. In the adult condition at 
least they have no nuclei and are therefore non-mickaled 
cells. The human red blood-cells measure on an average 
7.5 /i in the long diameter and 1.6 /i in the short diameter. 
In man one cubic millimeter contains on an average 
5,000,000 red blood-cells. The views concerning the 
structure of the red blood-cell are still somewhat at 
variance, but it is very probable that it possesses a very 
thin cell membrane ; within this is found a fine proto- 
plasmic framework known as the stroma, the meshes of 
which are filled with the coloring matter of the blood, the 
hemoglobin. 

Besides the disc-shaped cells, spherical red blood-cells 
are occasionally found, ancf very rarely we may find in the 
circulating blood nucleated immature red bkxxl-corpuscles 
(generally only after severe loss of blood). 

The ordinary disc-shai)ed re<l blood-corpuscles of man 
have a tendency, when they are present in the preparation 
in large numbers and in a thick layer, to lie together and 
form so-called rouicau^. Thev are verv sensitive to 
reagents and especially to evaporation, which produces a 
concentration of the salt solution of the blood, so that 
water is withdrawn from the blood-corpuscles. As a 



mil, the membrane shrinks and the SM-nalletl crcniited 

of blrxKl-TOqiiiwIc* ilcVflo|is. Wiitir, cwixt-ially 

Atilled wator, etiior, clilonifiirm, and many other wapcnt^; 

move thf liemugtobin from th« bloixl-wlls, which are 




I Fig. 13. — Photattraphs o( th* Welckpr Wood-oorpusclo mudFli, 
■CDtiiiK tlie uuruuM'ieti 1500; I. The llfpir(« after the nnme 
' eeiKc ol the ml Ijlood-forpuflolw; (, I'roWus, 5"; ;ifi/i; g, tnit, 
5.7^;J, lizont, 15. TV: a.fHi;4, l«noti, ViS: I1).-J/i;j;.<iIi(i1Hik£, 

7.6 ;i; 6, lluma, H: 4*; 7, nuin, 7.3: 7.8/.; S. ilamionw, 0.9 f, 

t, gOftt, 5.4 /i; JO, iiiuakos, S.Gu. 

ben scarcely visible iiiuler the micniwo|x', piiidiuinjj the 
[kbnctiins known as blmxl rtlmdows. 

Only the bl-wd-wllH itf mnnmiulia an- bi<i)nriivc ■■invi- 
' di^ with roundt.'d eilgw and tiuD-uuck'aU'd. Tin: 
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tylopods, camel, llama, and others, whose red blood-cor- 
puscles are elliptic, but nou-nucleated, are the only 
exceptions to this rule. The red blood-cells of all other 
vertebrates are nucleated biconvex discs of elliptic form, 
the convexity being caused by the oval nucleus. 

The amphibia have the largest blood-corpuscles, espe- 
cially the taile<l amphibia with persistent gills. The 
smallest red blood-corpuscles are found in certain mamma- 
lia (see Fig. 13). 

It is forensically important to know the form and size 
of the bhxxl-corpuscles. In size, the human blood-cor- 
puscles stand nearest to those of many domestic animals. 
It is therefore impossible, from the size of the corpuscles, 
to reach a decision as to whether human blood or for in- 
stance dog's blood is before us. 

The liemoglobin from the blood-corpuscles crystallizes in 
forms which are different in different animals (in man, in 
rhombic prisms). It is possible to obtain hemoglobin crys- 
tals only from fresh blood or from fresh clots, and even 
this is oflen accomplished with difficulty. Occasionally, 
but generally only pathologically, hcnwtoidin crj/Htals occur 
in old blood exudates ; these represent a transformation 
product of the hemoglobin. 

Even from very old traces of the blood of every species 
of animal whose blood-cells contain hemoglobin, cry^als 
of chlorid of Ivemaiin {liemin) can l)e obtained, which appear 
in the form of long, needle-like, rhombic crystals of dark 
brown color. 

The discoverv of homin crystals shows only that blo<xl 
is before us and not that the bloo<l is human. Frog's 
blood and fish's bloiKl, for instance, give the same hemin 
crvstals as human blood. 

The colorless (white) blood-corpuscles form a large 
group of colls of m('s(Mirhymal origin, which occur, not 
only in the blood, but also in the lymph, as lymphocytes 
form the chief constituent of adenoid connective tissue (see 
page 53) ; they are also found scattered in almost ev^ry 
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vurii'ty of ciitiHcctivo Ussut ftiid ovi'ii wt'iir lulwi 
eoUsol'itiilhelial tissues. Tho mimbernf tlie wiiitt? blood- 
tv\h vanvs in circnlultnf^ blood within wriiiiii limiln, llieir 
Iiroportifiu ti) the erylhnK'ytcs being us 1 : ^tX) : ")()0, 

Iii'Vcnii varieties ol' wliitp bloo»l-ivll8 arc ri-rognkwi, tlie. 

clae^itioatioii beinf( baaed on the form, xize, and Btructure* 

of the nucleus, on the reliitive nmunnt and tlie Htnictiiiw 

of the |)rotn])lasni, and nil the origin. The foUoivinfl 

varieties are distinguished : (1) Sitiull and large lympbo3 

cjrtea ; (U) moQonuolear leukocytes ; (.'l) transitional leiikoJ 

cytcsj fl) milyniuriihornidi-ur leuko4 

oytes ana polyn"clear leukocytes, I 

^ The Iyiii{)hoeyt(^s vary in size ftnral 

^k a n to 7.5 fl aD<l |)08He8s a relatlveln 

^B Inrgc nucleus, wliicli sUiins deeply anoj 

m k is surrounded by a narrow zone of pro-] 

I topla-m. They form alxiut 20 |iftd 

^^g^ cent, of the white blood-celU and arw 

developed in adenoid tissues. 1 

The mononuclear leukocytes vary vA 

size from 7 /< to 1 /i aiul possess a ruuna 

UU..U.U ....«u. A or oval nucleus, relatively smaller thai^ 

that of the lyniplxxrytes and wliidi, itu 

moMt dyes, ia not colore<l very deeplyJ 

They oonstitnte 2 to 4 jn-r eeut. of tlie whit*; bkiod-<!ell8.] 

The nionoinietear letikoryt*a very probalily originate in tlia 

spleen and bone-nut rniw and develop into tlie trunsitionaU 

forms and the«.> ju turn into the polymorphonuclear fonnaJ 

The traiiriitional leiikmnies eonslitnte from 2 to 4 ixTtwaU 

(if tho white blood-cells and possess a nucleus of more on 

Kms primouni^t'd liorwslnie sliupi', of a slsie and Htnic-tnrM 

Bimilar to that seen in the monomirloar variety. The polyJ 

moqihoriueUnr leiiUocytee form from 60 to 70 per veutX 

of tho white blood-eells and {lonsess variously lohnlatGdj 

nuclei, the M^veral uin^lear imussi-s lieing iinit<il liy ili-licjita] 

tbreiids of protoplujim, A poljrmorpboiiuclear leukocyte 

fhv^t^ iato th« jM>lyutick>ar form wb«u tlw d«UaUai 
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bridges of nuclear substance uniting the several lobules 
of the nucleus of the former break through. In the leuko- 
cytes with [K)lyra()rphous nuclei there is found in the 
center of the lobular nuclear mass a centrosome which is 
often difficult to demonstrate ; in the resting stage of the 
cell, fine rays radiate from this. By means of special 
staining methods, the presence of granules can be shown 
in the protoplasm of the transitional, polymorphonuclear, 
and polynuclear leukocytes of the blood and lymph and, 
of certain blo(xl-forming organs ; in the latter, mononuclear 
cells with round or oval nuclei, possessing granules in 
their protoplasm, are found. These granules show specific 
reaction toward certain anilin stains or combinations of 
such stains, and according to their staining power they are 
divided into the following sub-classes: (1) Those which 
stain with the acid anilin dyes and especially with eosin 
are known as oxyphile or eosinophile granules; (2) gran- 
ules which show an affinity for basic stains are known as 
basophile gnmules; (3) granules which stain in certain 
combinations of acid and basic anilin stains, the so-called 
neutral staining mixtures, are known as neutrophile gran- 
ules; (4) granules which stain in both basic and acid anilin 
stains are designated amphophile granules. 

The leukocytes with eosinophile granules form 1 to 4 
per cent, of the circulating white blood-cells. The gran- 
ules are coarse and can be recognized with moderately 
high magnification even in unstained cells. They stain a 
bright red in eosin and occur in normal blood in cells 
with horseshoe-shaped or lobulated nuclei. In bone- 
marrow they are also found in mononuclear cells with 
round or oval nuclei. They are found in the connective 
tissue of the intestine, and in certain pathologic states are 
found in greatly increased numbers in connective tissue. 

The basophile granules occur in two sizes : first, as 
large granules very little smaller than the oxyphile ; these 
are f()un<l in the so-called mast-cells (see page 41) and 
rarely occur in the normal circulating; bUxKl, but are tl^vud 
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PLATE 5.— BL(X)D. 

FiQS. 1-21.— Blood -corpuscles from Human Blood. X 700. 

The figure hIiows the different forms of erythrocytes, lymphocytes, 
and leukocytes. 

Teohnic: Dry preparation. Ether-alcohol. Hematoxylin-eosin. 
In 1, 3, and 4, Ehrlichia triacid solution. 

Figs. 6-12. — Erythrocytes. 

Fig. 9. — Nucleated red blood-corpuscles. 

Figs. 1-5 and 13-21.— White blo(Kl-cells. 

Fig. 1. — Small lymphocyte, liaving a small amount of protoplasm 
and large nucleus. 

Figs. 2 and 3. — Poly nuclear leukocytes with neutrophile granula- 
tion. 

Figs. 4, 5, 14, 16, and IH. — Ordinary polynuclear leukcwytes. 

Figs. 15, 19, and 21. — Leuk(K5yt4.»s of different sizes, having acid- 
ophile (eosinophile) granulation. 

Figft. 13 and 20. — I^rge lymphocytes. 

Fig. 17. — Mononuclear leukocyte. 

Figs. 22-31.— Elements of * the Bone-marrow of a Mouse. 

X 7(K). 

The prejiamtion was taken from the femur of a full-grown mouse. 

The figure shows one of the large giant'-<'A^lls of the iKHie-marrow, 
ordinary and nucleate<l red hliKxl-coriHiseU^s, difTtTeiit kindHof iimnow 
cells including leukocytes, among them eosinophile cells and niitoti' 
cally dividing cells. 

Twhnic as alxive. 

Fig. 22. — Pol V nuclear giant-cell. 

Figs. 23-2H.-^Marrow-<rlls. 

Fig. 23. — Marrow-cell with annular nueh'ns fgcH>^ through the 
nuclear stage of 23 into that of 21 — that is, into the onlinary poly- 
morphonuclear cell ). 

Figs. 25 and 20. — Aeidophile wOls. 

Fif^s. 27 and 28.— Mitosis. 

Fig. 29. — Ordinary erythrocyte. 

Figs. 30 and 31. — Nucleat<Ml erythrocytes. 



in eertiiiu pathologic eoiulition.s ; sccoiul, as very fine 
gmnules which arc visihlc only nndcr hi<rh niaji^nificjition ; 
these are seen in the lenk<K'ytes of the circulatinjjj hlood, 
snch cells forming a small iKTcentage of the white blood- 
cells. 

The levikocytcs with nentroj>hile granules f(>rm 05 to 
()H |K'r cent, of the |>olymor]>honnclcar forms found in the 
circulatin»r hlood. Thcv are verv fine i^ramdrs, not read- 
ilv seen unless oil-immersion lenses are used. Xeutro- 
y>hiJe o^ranides furtlu'r octrur in certain monomiclear cells 
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of the bono-marrow (myelocytes) ; in certain pathologic 
conditions such cells art* seen in circulating blood. 

Aniphophile granules occur in tlie leuk(wytes of many 
mannnals, both in the circulating blood and in the bone- 
marrow. 

The blood platelets are colorless discs of round or oval 
fonn, measuring 2/i to 3//, and are in proportion to the 
rc»d blcKKJ-cells as 1 : 25 or as 1 : 40. They are constant 
constituents of the human bl(X)d. Their structure and 
development have not yet been fully determined. Cer- 
tain investigators regard them as nuclear fragments of 
either the red blood-cells or of the leukocvtes. Acconl- 
ing to more recent investigations, the bhxKl platelets or 
the thrombocytes, as they are known on account of their 
relation to the coagulation of the blood, are small nucle- 
ated cells, which are destroyed in the process of coagula- 
tion. It has been show^n that they i)Ossess ameboid 
movement. 

Red bone-marrow consists of a delicjite reticulum of 
fibrous and reticular connective tissue, in the meshes of 
which are found numerous cellular elements. The ctJlu- 
lar elements of the bone-marrow are : (1) Leukocytes and 
lymphocytc»s, as found in circulating blood. (2) Myelocytes. 
These are mononuclear cells, slightly larger than the leu- 
kocytes, w^ith round or oval nuclei, which stain faintly, 
and a pn)toplasm containing neutrophile granules, now 
and then vacuoles and pigment granules. These cells are 
found in circulating 1)Ukk1 in certain pathologic states. 
(3) Numerous cells with <»osinophile granules in the pro- 
toplasm, the nuclei of which may be either round or oval, 
horseshoe-shaped or polymorphous, are found. (4) We 
further meet with cells with vacuolated or annular nuclei. 
These cells probably develop into the leukocytes with 
jX)lymor])hous nuclei. (5) Between the ordinary niarrow- 
cells are scattered f/iant-cf/hy large, spherical cells,' rich in 
protoplasm, with several and often many nuclei. The 
nuclei often lie in a grou]) or mass, and occv\^\ov\^\V^ \w\jKVfc 
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funn of II (■ 11 -SIX' lit. Tho (liamettr of Uiettc oeui 
n-auhcfi HX)/<. (6) In .uMiticin tn tin- fully dovcloiK-d r 
liloocl-oelb, we alao find hi diu Ijom^marrnw nwUttial r 
Uiio^-pflU still in llic jHi>ct«8 of i^riiiiilioii. The U' 
iiiarrdW is tlie seat of Won*/ Jormation. In its tirtHUe, 
rwl blwd-ivIU an- fiirmt-d, tliv di'vilnpinciilui nljit^i- ■ 
which, here as well iis in enibrjonal blooil developmeiit, ij 
niiflijated. They rwu-li tlie vfiiia of the iHuic-nian 
after they have li»t tlieJr nuclei. Tliere is as yet c 
versy n» to the innnner in whieh Uie nuoleiix is 1 
Certain inveatigatorB l>elieve that the nucleus is extruded 
while others state that it is absorbcil or lost hy chromal 
olyeis. 

MUSCLE TISSUE. 

Both HH til striietnre and fiinetln 
divuled iiit'i two );reat snlidivinioii 
Btriated or voiunlutT tiiuaele (caRlii: 
Init iiivoliinljiiy); (^) no n -striated, wr 

Involuntary muscle consists of hmg, spindliv^hapcd 
munounclear eelln, exhibiting the eiiami-ter of ordin 
cella. They vary in siMt, and e9[)ecially in len^h, ni<.w«uH 
ing from 60 « to IfiO/i in their long diameter imd from 51 
ti) 8 H in their thickest ]M>rtion!^. Very large snioc" 
mn8ele-filH.'rs are fnind in tlie mnsenlatnre of the semiin[( 
ducte, and still larger BIkti* in the innsiMdatnre of t 
pregnant nterns, where they may attain a length of 600 J 

The typieal wniMilh nnisirli'-eell or fiber is fii6ifomi. 
the middle of the tliiekent pmion is fmiiid an elonga 
nuelens, whieh has llie f<irin of a short hkI with n.>umlej 
cornurp. The two ends of the winootli niiL-wlt-filw 
stiarply pointed The proiopinsin <-f tlie smooth ninsel^ 
fibfT stains qnite intensely with aeid anilin dyes, as eosin 
ete.; as a result, snionlh riiiiseic euii olleii he ntidily di^ 
liiiguished from the snrroiuiding conncptive tissue, 
the pnitoplasiu of ihr larger ivlls a distinet IntigitiidiTUt 
iva way he mI,mi\-i1. .Uw. lu the prentmcti of tibrilj 



, vxiuculnr tlmrui: ; 
: (1) Tm,„ 
mns<.'le is Btrintc 
\'ohintary. 
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which run purallcl or nearly parallel to the long axis of 
the cell ; these are more clearly made out in cross-sections 
of the cells, in which they appear as minute granules. 

The involuntary muscle-cells are inclosed within delicate 
fenestrated connective-tissue membranes, so disposed that 
two contiguous involuntary muscle-cells are separated by 
a single membrane. The intercellular bridges described 
by certain observers are due to faulty technic and are to 
be regarded as artefacts. 

Non-striated muscle-fibers may occur in relatively large, 
compact masses, with regular arrangement of the c^^'llular 
elements, and then form the so-called involuntary muscula- 
ture. The musculature of almost all the abdominal organs 
is of this variety, as in the stomach, intestine, bladder, 
uterus, etc. They also occur, however, scattered in small 




Fig. 15. — Isolated involuntary mnscle-cell from the intestine of a 
frog, in the middle of which the nucleus is seen. X 320. 



bundles and even in single fibers, as in the mucous mem- 
brane of the stomach and in the villi of the intestine, 
and in certain regions form typical networks, as in the 
bladder. (See Plate 58, Fig. 2.) 

Where involuntary muscle occurs in larger amounts, 
bundles or fasciculi of the tissue are surrounded by con- 
nective-tissue sheaths which j)enetrate between the single 
groups of fibers. This connective tissue also carries the 
abundant blood- and lymph- vessels. Bloo<l capillaries are 
found between the single muscle-fibers. Sni<K)th nmscu- 
lature is supplied exclusively by the neuraxes of sympa- 
thetic neurones. 

Smooth musculature is very widely distributed in tlie 
human body. It is found in the entire digestive canal 
from the middle of the esophagus to tV\e ^\\u^^ m >\\^ ^i^- 
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respimkirv pdssagtn, mul m tlic wldn, 

Tlip pli'incni.* of transversely striated, voluntary 
muscle, in (Hintnift to tin we nf iKiii-p^tiiiitiil niiisclc, nre luiL 
fliiiiple i*Hs, but pWI HVuoilia nr plaHniinfia 

lliHtiip^'rirtiailty, c-ni'li Ktriut<-<l iiiii!4(!]i.--m-I! or filierariH 
from a winiilc cell (one of the eellular elements of th| 
iuyot4iQie.s of tilt? primitivti vertt-ltru'). A pi-olUVratir 




FiK. JO.— End-,.,! i;.i.. 1,.. 
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the ntwieua takes ]iliic(^ by init«>tie iliviifion, witlmnt nibse- 
quent (HviBion of the prutoplasm. At the same rime a 
very oonsiilenible clongiition of the coll lakes plaw) with 
development of contnierile HbriHte. 

The enitts-stniiUKi ninsenlar tilM^rs nn? nKinilly of lod 
oyiindrie nhap, with ronndwl or beveled ends. They ad 
utU-i) of eonsiilcnible length, moiisiiriiij; 1*2 em. and tnoreq 
lonji {Kirallel-lil)ere4l mtisoles. The thieknesa of the n 
fila'r varied lielween nlwiit lO^and UK)/(. Kaeh miisold 
6ber has two free emi»; thene nuiy either, as In shon 
mua<fle.% run fmin k-udoii to lcut\i(U,ot vUv; fiWx ma^' W\yJ 
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with tlio one free end in tendon and end free in muscle; 
or, as is the ease in very long muscles, wrtain of the mus- 
cle-fibers do not reach the tendon, but have two intermus- 
cular ends. The tendon en<h of the nmsclc-fi Iters are gen- 
erally rounded and characterized by coUectionsof nuclei (sec 
Fig. 16). The intermii«culnr endu are bevcle<l; the bev- 
eled ends of adjoining muscle-fibers are said to I>e united 
liy cement substance. 

Each striated muscle-fiber is surrounded by a dense 
homogeneous membrane, the sarcolemiua, whicli is easily 
isolated; this represents the cell membrane of transversely 




Fig. 17. — LODKitndiDAl section of a small mu-Klefibir fron the 
humou eye niuiclf ^ 4o0 ni Anisotmptc iiibstaiicc i iitolropo 
subntance; J; nuclei fi aaroolemnia 



etriateil muscle-fibers. \\ ithin the snrcoh mnia is contained 
the muscle substance, in which an retognizod the contnc- 
tile ultimate fibrilw, the interfibrillir sulM uitc, tht '^jrco- 
plasm, and the nuclei. 

Fuoctiunnlly, the most im{)ort:iiil eon-titui tit« arc the 
croBS-sfe'iVjterf «>ntractile //fW/fc, which gi\e tin thiractfr- 
istio cross-striated apjiearance to tin tnlm iiui*rle-hber. 
Frequently also the tibrillre give to tht muscle fiber a 
distinct longitudinal slriatioii, o>[Mciallv ichai tht inier- 
jibriUar mibstnncf: k rcfativelif (thnmltint, is in lowtr ani- 
mals. 

The (ibrilla; are fine librillar structures, arrau^wl in the 
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ImiC nxis i>r tilt- tilit-r iiikI tiikiiii: iiji lli>- ontirc longtli < 
the liber; under the microiscopi- iht'v show altfrimU' duri 
and liffht df^iiieiiti). Th<! st^iubiiu wliii^li uitpmr dail 
conaist of (luuhly rcfnicling, uniriotruinr tmhstutici.' ; 
(•q^mepte whirli nppenr li^Iit, of sinjrlv ii-fraciJii;:. iwitni|aJ 
substanoe. More cnreful iDVcstigation Hhow^ ilinl In 
middle of the iisutro|ii(; HiibHtuiu-e h fine ;uiisnir'>|iii' iiil 
inwliiite disc i;* fnuiid, ini.l similuriv lit t!i.> iu\MU- uf >■: 
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I cfil) protoplnani, not uhnngal into fibrillar 8ubl^tJlncc. Tbe 1 
\ relative amount of Parwjplasni varies in difliTeiit iiinst^le- ' 
[ fibers, HO lliHt tlic boundaries of the rousfle columns are 
[ eometime.s mon- and mmetimcs k-sw ■listini't. Occaanii- 
ally, and esptvially in tlie vicinity of tbp nuclei, tiip aar- 
I coplasm contains pmniilcs, the sii-called iitterstitiid gran- 
I ules ; tbeat are mostly fat and pigment granules. 



Fig. 20. — Croswection of a Imman muscle- 1 
fiber, rich in Ninii>plasin. /' 7S0. The fignro J 
showB the ommgeiiient of Ihi- tuiisole colnmnB. .1 
k, Nooleiu at miucle-fiber; itw, muaole ootnnm; 1 
8, anrooplusm. 



Fig. 19.— rortion 
J A ero99.i!trta(*d 
I miiscle-Ster of the 
[ Unt. irf a aulKniun- 
\ dcr; thisisbraikiiitt 
oio (ibriUic. ,< 
[ TOO. 



The disposition of the sarcoplasm sind tlic amnpe- 
I meot of the muscle columns are l>est reo ifiuized in tbe 1 
I croas-scction of the muscle, in wbich wo may rcoog^iae a J 
Idivuion iutn several irregularly oiitlini>d fields of different 1 
Iflutofl, known a.^^ ihknheim'x areas. 

Acconling to the amount of sjirci'plasni, we di-'-lin^ish I 
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rich in Bnrco)ilaan), ami light or wliite fil>ets, which nti 
ptwr ill surt'iiplusiii. Iti fp.'iicnil, the rwl fiU-rs niv found 
in varying but small mimlM^i':' Htrattered iH-'twefii the whiU 
Iit)(>r8. In certain unimals, hnwcvvr, for iii^tanoo in Um 
mhbit, certain muscles, as for exajnpic the Gemitt^nclinwun 
cunKiHt ontin-ly of thu rcil variety i>f fibers, while othtf 
muscles, as for exajnple the HemimembranottuH, coneial 
entirely of the whit*? variety of HIkts. In many musoW 
fibein of the white variety tlie amount of surooplastn ia 
80 fniall that it is diflieult tii ili!<tin)^uiMli Iwtwcen the scv^ 
eral inusele columns. 

IV-Hidi'!! the sureo))laHni foiuHi UHweeii the niujiele col-fl 
umun, (nlleetions of sarcojilasm arc' fount] arunnt] (hi 
nn<'loi of the niuHole-fiher. The nuM of omss-striatae 
voluntary mtisole-fiWrs are very numerous. I^ong fiben 
iuivc hundreds of nuclei. In the prrait tuujorily of th| 
muaele-fibers all nuclei lie at the periphery, imnietliatol^ 
umler the saruoleninnt, in a small eollivtioii of 
coplaxm. They have an elonftattd, elliptic form. 

JframJuvl, cr(ias-8trinlc<l nniseli-tilii'rs occur in 
regioHH, The snperliciiil mi hiIi '-libers of the 
c»]M>cialty the ends of lln- ttb>-l^^ insert<-«l into the mucnu| 
membrane, show this |>eeuliiiri(y. The branches show tb^ 
same Btructure as the parent fiber. In tlie frog's 
branched cross-striated muselc-fibcra are very abiindani 
and complex. 

Cross-striated muscle is very widely distributed ; it 
rompriwes all ukeletal muscles, the larger iimseles of the 
skin, the extrinsic eye muscles, the muscles of the middla 
ear, portions of the' musculature of the digestive I 
(tongue, pliarynx, part of the esophagus), the larynx, t 
muscles of the perineum, of the exlerniil genital oi^rai 
and the sphincter muscles of the anus. 

iSwri miutfi/'roccnpies a s|(eciiil |Mwiiimi, in that it differs 
histogenetically and pliysioiogiiuilly from voluntary, cross- 
striitted muscle, and tilructurally both froEu iion-striated- 
mtificle and from voluntary, criws-rtr\ii.Vji'<\ iswv^cV. Vv \ 
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cross-striatol, but not subjc?ct to the will. In many 
respects heart muscle resembles involuntary muscle more 
closely ; it is, like involuntary muscle, developed from the 
mesenchyme, and not, like striated, voluntary muscle, 
from the myotomes. In many lower animals, as for in- 
stance in the frog, heart-nmscle fibers assume a distinct 
median position between smooth and striated muscle, rather 
more closely resembling the non-striated muscle. 

Heart muscle, after fixation and hardening with the 
majority of the reagents in ordinary use in the laboratories, 
as also after treatment with macerating fluids, appears to 
consist of irregularly shaped oblong cells, possessing 
usually one, but occasionally two nuclei, situated in the 
center of the cells. These cells appear to be cemented 
end to end to form the heart-muscle fibers. The cells 
show irregular but short side branches, which anastomose 
with simihir branches of neighboring cells. The heart- 
muscle fibers show a distinct cross and longitudinal stri- 
ation and possess relatively more sarcoplasm than do the 
fibers of cross-striated, voluntar}' muscle tissue. The sar- 
coplasm surrounds the axially placed nucleus and forms 
distiuQt septa, which radiate from the nucleus to the 
periphery. In this w^ay the muscle fibrillse are arranged 
in plates, which also radiate from the nucleus to the 
periphery. Heart-muscle fibers i)ossess no sarcolemma. 
Very recent investigations, which seem very conclusive, 
make it very doubtful whether the lines which have been 
regarded as the boundary lines of cells are thus to be 
Interpreted, since it has been shown that they bound non- 
nucleated areas of heart muscle, and further that the stri- 
ated contractile fibers pass through such lines without 
interruption, although they show slight alteration in struc- 
ture and reaction toward staining reagents. According to 
this view, heart muscle is regarded as a syncitial tissue, 
the so-called boundary lines representing growth areas. 
Only very careful embryologic investigation can throw 
light on the histogt?nesis and histology of Iveaxt \\iwsft\fc* 
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PLATE 6.— MUSCULAR TISSUES. 

Fio. 1.— Piinnented Connective- tissue Cells from tlie Htiniaii 
iris. X 4*20. 

The preparation was taken from an executed individnaL 

The figure shows differently formed connective-tissue cells, the pro- 
toplasm of which is iilUnl with yellowish-brown and brown pigment 
granules. 

Technic: Chnmiic acid solution (2 per cent. ). Hematoxylin-eosin. 

Reference letter: k, Nucleus. 

Fig. 2.— Branclied Cross-striped Muscie-filiers from tlie 
Human Tons:ue. y 22(). 

The preparation was taken from an executed individual. 

The figure shows several longitudinally cut tongue muscle-fibera, 
which fork at their insertion into tlie fascia liiigmc. 

Technic: Muller's fluid. Hematoxylin-eosin. 

Reference letters: r. Branchings; k, nuclei, some of which are seen 
in surface view. 

Fio. 3.— Portion of a L^nsitudinal Section tlirougli tlie 
Human Heart Muscle. X 2H0. 

The preparation was taken tnmi one who hiwl been executwl. 

The figure shows a nuinlier of li(*art-inii.s('le liliers witli their amis- 
t<mioses in longitudinal Hti!ti()n; lH*tween them is seen the intermus- 
cular connective tissue (jierimysium ). 

Twjhnie: Zenker's solution. lfenmtoxylin-iM>sin. 

IMerene^ letters for Figs. 3 and 4: yr, l^tuiulary lin<»s (tht^seare 
bnnight out t<K) clearly in the printing); k, nucleus; pm, jieriniysium 
internum; x, anastomosc^s. 

Fk}. 4.— Portion of a Cross-section tlirougli Human Heart 
Muscle. 

The figure shows the variation in siz<j of heart^niuscle filHTs, the 
axially pliictHl nuclei and the nwliully arnmged muscle c^olumns. 

Technic and lettering as in Fig. 3. 



THE NERVOUS TISSUES. 

Nervous tinftuCy like muscle tissno, is highly difrorcnti- 
atoil, both as to the structure autl the fuiietioii of its ele- 
ments. These are, for ])ur]H)ses of description, onlinarily 
divided into three main groups : 

1. Nerve-c<'lls or ganglion-cells. 

2. Nerve-fil)(*r.s. 

.*5. Nerve-supporting tissue or neuroglia. 

It is more correct, ho\vev<T, to regjird the nerve-cells 

and the nerve-filx'rs as pnrts of tlie sam<» element, sincx? 

both histogcneti(*4dly and structunilly considered the 

iwrvo'Hbcrti arc ])r(K*es.ses of the nerve-cells. Tlu? nerve- 
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cells with tlieir processes, as well as the supporting tissue, 
the neuroglia, are of ectodennal origin ; indeed, they even 
arise from similar ectodermal cells, although the support- 
ing tissue, when fully developed, is in many respects sim- 
ilar to connective tissue. The essential portions of the 
nerve-fibers, the axis-cylinders or neuraxes, develop only 
as processes of the nerve-cells, even when they attain 
great length. In their course outside of the central ner- 
vous system the neuraxes are surrounded by special sheaths, 
which, with the neuraxes, constitute the nerve-fibers. In 
this discussion we shall follow the above classification and 
treat the nerve-fibers separately. The nerve-cells and the 
axis-cylinder processes or neuraxes, the main constituents 
of the nerve-fibers, accordingly form together the anatomic 
units of the nervous system, the so-called neurones, A 
neurone, therefore, consists of (1) the nerve-cell or 
ganglion-cell with its protoplasmic branches, the dendrites 
(see page 72) ; (2) the neuraxis with its collaterals ; (3) 
the terminal branching of the neuraxis. 

The " neurone concept " of the nervous system is now 
very generally accepted. By it is meant that the nervous 
tissues, like the other tissues of the body, are composed of 
anatomic units (cells), which are morphologically, patho- 
logically, and, to a ceitain extent, physiologically inde- 
pendent of each other. The neiu'ones come into relation 
witli each other only by contact. Recent observations 
have thrown some doubt on the validity of this doctrine ; 
in the strict sense it can no longer be supported, since 
anastomos<»s of the terminal arl)orizjitions, and even of 
ganglion-cells, have been shown beyond cjuestion. 

Nerve-cells occur in the central nervous system, espe- 
cially in its gray matter, in certjiin sense organs, as in the 
retina and olfactory membrane, in the plexuses and ganglia 
of the wrebro-spinal and svmjxithetic nervous systems. 

The form of the g:ingl ion-eel Is is ver}' variable; yet in 
many regions there are found nerve-cells of fixc»d and 
characteristic morphologic appearance, 'Jds liv tUe bmu 
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Plate y.-NtRVE-CELLS. 
Fin, 1.— Two Isolated Multipolar Oonsl Ion-cells Irom t 
Human Spinal Cord. < Km. 

Tlir ll|^iii' ahonFi tiso Miluli'il KikiiKliiiii-0>'ll»(iit I lie Hliiiuil Cinl. W 
riohlj' lirtiiitiliiiiKik-iulriUw; tlic rit<unixi-n (X) Imvi- Im-n U>m nwn, 

Trclinii-; Inuinlloii in w(^«k ohniniM.' ooid nojiitiiiii. Curmin. 

ri(i. -J.— Two Multipolar (langi ion -cells from the LumM 
Bnlsrsement of the Spinal Cord of a Child. 

Tho prrpnmtinn wan t-iki n h .i -i .ii '...m i-liild. 

Tbn liiiiirc ehnwit llii' i<ii '<"i. [imjIb uf llit' dMidril 

of two IjHIl^lioii-wlld 'I'lli liiii li' I ■ ■■! ihr-HftX) 

inipnwly HU»in«l, im'^iiliii ^^imni. - ijimi -nii-umi 
Tf«linlo: Atnoliitf a)<>>h<>:. M. i.Ij,, I. u. -h\w mvoi 
Kt>fi'reii(« JvlU^rH: U, Di'iiiUilt-; K, uucli'iui; (, tiurincl siibnliiiitii. ■ 

Puis. »^.— Three Cells from a Human Spinal UanKllM 
X ■t'-Hl. 

Tlif preparvtiim \vns token from oup who hwl li«'H ext 
Thr liffurR sliom tlirer HphericDl coIIh nl dldwriit t>lxr«, with t 
nixtlratM capnilm. One oeU odoUudi jelluwiah-brown pigment, 
Technic; Zenkcr'i; wlution. Ilcmiitnxylln-rmfn, 
itoliirenc* If^lU-ra; bU, onnn«ot)ve-tiM>ue uuptulf ; ;i, |)lKiiii'ni 



that tfafi ivlli nre ruilly bipolar. Tlii» cvW forui ia fnuH 
in the KoiiKorv (?THiiiiil giin<;liu iiiid ibc H|>inul giinf{lia, 

2. Sphci'inU or nearly sjiliiTioal ccIIm willi one n" 
mi'l ow lu-uriixin iirising I'limi "[nwciu- cihIs nf tlir c 
fto-callMl hijitilar celln. Tlicy are I'nunil in the retina | 
t.lic iiiniT iinnmliir nr jpinnlinri-wll Iiiycr ami in I 
ganglia of the aoonstic nerve. 

3. Sphi'ric<il (ir ni'iiriy f^jilii-riml rr-lls with orw t 
ami several short, line dcmlriles which ran Ix? deraonRtrat^ 
only by liic hfl]i of sjMt^inl mflliods — muHliio/nr wM 
They are found a^ tho chief eonntit4ienls nf the Bvnipi 
Ihctici piii^rtia. Whi-n otaint^l af\(-r iniUlnNls whiith 
not hrinp ont the (hndriles, thii«' cirlU rtwenihle the c 
of tho !<])inal ganglia. 

4. lAirtf, irrcitnlarly wIiiijmhI poii/i/inuil to hhort Mpindti 
iiha|>e<] mnfHpofnr pii)if/lifiii-<fllM, with ntif tunirnx! 
sovcnil .londriles wl.irh lu^s in all -lir-'li.in-^ fn. 
.vH. To this cla^^ lu'long thr muUi|K.]ar crlU . 
sfihijit fini, of th<- niiiiiilla nlilonumtii, of llit' s.i-<u|t4 
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5. 3fulHj)olar gangUon-i^eUm of regular form with one 
neuraxis and with dondritod which arise fn)ni the cell- 
body in a manner which is characteristic for the form of 
the cell. The main representatives of this group are the 
pyramidal cells of the c^^rebral cortex and the Purkinje 
cells of the cerebellum. 

6. Small maltipolar celln with different fomin of dendriteSy 
as certiiin cells of the granular and molecular layers of 
the cerebellum, some cell forms of the cerebral cortex, 
and others. 

7. The multipoUir Golgi ccllHy which have aln^ady been 
mentione<l and which are characterized by the j)€culiar 
behavior of their neura^ren, 

(b) Nerve-fibers. — The chief constituent of all ner\'e- 
fibers is the neuraxis of the nerve-cell, which forms the 
so-calltd axis-cylinder of the ncrve-fiber. Each nerve- 
filler nmst therefore have an axis-cvlinder. Some nerve- 
fil)ers consist of lutked axi^M-'ylinders (libel's of the olfac- 
tory nerve). The axi^-ci/linder has a distinctly fibrillar 
structure (neurofibrils) and appears in the form of a 
larger or smaller cylinder or band in the center of the 
filKT, running uninterrupte<lly its whoh' length. The 
neurofibrils are united bv an interfibrillar substance, the 
neuroplasm. This, tlu^ conducting portion of the fiber, 
is surrounded by the medullary sheath and the sheath of 
Schwann or the neurilenuna. The origin of the former 
is doubtful, but the latter is of mesenchymal origin. 

Most of the cerel)n>-spinal fil)ers, an<l hence most of the 
nerve-filK*rs of the Ixnly, |)ossess both medullary sheath 
and n<»urilemma outside of their course in the central 
nervous svstem, but within this onlv a medullary sheath. 
These nerve-fil>ers arc called medullated and also, on ac- 
count of their appeanince in the fn^sh condition, dark-bor- 
dercnl or doublv contouriKl fibeis. Thev are of verv varia- 
ble size, var^'ing iK^twcen 1 // an<l 20 //. In contnist to 
these we have the lum-medullated Hlx^rs, also known as j)ale 
OT llemak\^ fibers, whk'h consist only ot yix\^-c\V\\\^vi\ vwA 
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neiiriletdinu; tlip luittT is especially delicate in non-medid 
lafa'ii fibers. They "wnr pspwrially in thu symimthctic syi 
tpin and to a Il'SS cxti-nt in tlip milrn nt' llic fonlnil iiprvoti 
sywti^in. The iticdultnry nhralh eiiuH> iiiti-rru pilous at reg 



Fi|;. SI. ^-Portion o( a medul- 
lated uervf flbi't frtun num. X 
375. The llguru ahowa a node 
o[ KaDvi*-r uf Uw lui^ulUr.v 
■heMli. Luulcnrmnn'a sei^nieota 
nm; nlm Iw rmognizeil. m, Med- 
iilUry sliMili ; wA, iiodi-ur Kan- 



Pig. 23.— Portion o( a ^ 
medullntvd iierve-flbw, NuolM 
nnil n«ja-crylimlr!r itninBd i 
cnrmiH. X 37S. a, Aiu 
lier ; t, nniileuB ; m. mn 
Mhcntli ; II, Dpnriieronut. 



ular intervale. Tht'sc ap|x?.ir in ihe form of rings, 
so-called nodfs of Jlanmtrr. At the ii(idi>s the uitnliillHted 
nerve-filwr cunsitt^ only of" axis-cylindtT and neiirilemmB, 
sinw the latter bends in to the axis-cylinder, which here 
sbow^i a bicoulciii enlai^cmcnt. ^H 
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Nodes of Ranvier are found at regular intervals, vary- 
ing in different fibers, but in general tlie interval is greater 
in large filx?rs than in small ones. The ninles are always 
found at the point of division of a medullated nerve-fiber. 
The portion of a fiber l)etween two nodes is called an in- 
ternodal segment. In large fibers the segments measure 
about 1 mm., while in small fibers they are 0.1 mm. and 
even less. 

The viedulla or myelin of the medullated ner\'^e-fiber, the 
constituent of the medullary sheath, is a substance which 
refracts light strongly and is similar to fat ; like the latter, 
it Ls blackened by osmic acid. It is very sensitive to 
reagents. With nearly every fixing method the medullary 
sheath has a different apjxuirance in microscopic prepara- 
tions. Certain ix)rtions of the medullary sheath can be 
differentially stained, after the use of special methods of 
fixation. The Weigert stain for medullary sheaths is 
based on this principle. 

In the living nerve the medullary sheath is quite homo- 
geneous, but readily changes and presents segments sepa- 
rated from each other by clear fissures which are obliquely 
placed. These segments are known as Schmidt-Lanter- 
mann segments and are also visible in nerves after treat- 
ment with osmic acid. Their significance is not known ; 
it is quite probable that they are artefacts. On the 
death of the nerve-fiber the myelin undergoes coagulation 
changes, resulting in the formation of globules, especially 
at the broken end of the fil)er. 

The sheaih of Schwann (neurilemma) is a thin, structure- 
less mcmbmne of conmnitive-t issue origin, which contains 
a few long nuclei within a relatively large amount of 
protoplasm. The nuclei are found on the inner surface of 
the neurilemma and only one nu(;leus falls within each 
internodal segment. The nuclei of the segments alternate 
in their position. The non-medullated nerve-fibers, with 
the exc^^ption of those of the olfactory nerves which do 
not have special sheaths of Schwann, but bv\\\dUi^ ^\^ wlxviU 
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all neuroglia fibers are formed in and by the protoplasm 
of neuroglia cells and later become indeix3ndent of the cells. 
Investigators who have made use of the chrome-silver 
method of Golgi in their study of the neuroglia reach the 
following conclusions: They distinguish two essentially 
different cellular elements of the neuroglia: (1) The so- 
called epeiulyma cells, cubic to cylindric epithelial cells 
which line the cavities of the central nervous system ; (2) 
stellate cells, the so-called spider cells or (istrocyies. 

Of all the elements of the central nervous system, the 
ependyma cells are the least differentiated, retaining their 
embryonal character longest In preparations of the spi- 
nal cord treated after the ordinary staining methods, these 
elements appear as simple columnar cells, now and then 
showing cilia. After the use of the GoUji method we rec- 
ognize that each ependymal cell has a long process which 
divides many times and in the embryonal condition extends 
to the surface of the spinal cord. Tliis character of the 
ependyma cells is most distinct in the spinal cord, and the 
processes of the cells extend to the base of the anterior 
median fissure and to the posterior septum. 

The spider c^'lls or the usirotrytes of the neuroglia are 
characterized by numeroas fine, either branched or un- 
branched processes. The astrocytes are found, not like 
the ependyma cells, limited to certain regions of the central 
nervous system, but are very generally distributed through- 
out the gray and white matter of the central nervous sys- 
tem, the optic and portions of the olfactory nerves. They 
originate partly from the ojKjndyma cells which wander to- 
wanl the periphery, partly from other still undifferentia- 
ted cells of the embrvonal central nervous system, so- 
called spongioblasts. All glia cells lie originally in what 
is later the gray matter and reach the white matter only 
secondarily. 

The astrocytes are divided into the short-rayed or as- 
trocytes with a few short branching processes, and loiuf- 
rayed astrocytes, w^hich have many fine, long processes^ 
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ttirtHy itr lyvU' iint>raii'4iril; thi- fun tjfr* nf ^Va '■• 
fwiw'vr'f, life mil =)iiir|ily ff^taT9ln\ friitn «m-Ji ritlirrr. 
h'tHH-t '■•^■iir mdv in llic ^ny MrrlwUimri-, ltnr Inlli-r in 
• I"' umv nii'l ftw whit" -ii(f«r«FK'c, In iv.iirw ami nrr-. 
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(B) THE MICROSCOPIC ANATOMY OF 

THE ORGANS. 

I. THE SKELETAL SYSTEM. 

Under the skeletal system wc shall consider the bones, 
the joints, and the ligaments. 

During life the bones consist not only of osseous tissue, 
but also of sotl parts. The constituents of bone are as 
follows : 

1. Osseous tissue — (a) compact, (/>) spongy. 

2. The osseous membrane or the jwriosteum. 

3. The bone-marrow — (a) red, (6) yellow. 

4. The articular cartilage. 

5. Blood-vessels and nerves. 

The osseous tissue forms the main mass of the entire 
lx)ne and shows a characteristic arrangement. It is classi- 
fied under the connective tissues, and esi)ecially under that 
group which is characterized by the structure and arrange- 
ment of its ground substance. The gi^ound t^nbstance of 
bone is hard, as a result of the lime salts deposited in it 
(calcium phosphate, calcium carl)onate, and some calcium 
fluorid). The lime salts are distributed in the ground sub- 
stance in the form of molecuk^s and are not recognizable 
by optical nutans. It is thought that the lime salts are 
deposited in the gelatin-yielding fibrils of the ground sub- 
stance, as well as in^ the interfibrillar substance. Owing 
to this intimate relation of ground substance to the min- 
eral salts, a bone which has been macerated or even burned, 
that is deprived of all its organic constituents, has the 
same form that it would have had if it had Iwen decalci- 
fied or deprived of its calcium salts. In consequence of 
this we can investigate the structure of bone in prej)arations 
of decalcifitKl and of macerated bone. 

The celhilar elements of osseous tissue, known as bone- 

cells, or, according to the older designation, bone corpuscles, 
6 
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I iif in B|iatH'H of thi- jrmimd Mili-liiiioc, tlii' -n-cuilwl /«m(vB 

I uixwcK or laniiia: Tlif latter arc miwl iimily oi-t-n in thin 

nieces of inaceratod boiip. In stirh prt-juinitimiH th( 

lacuiue urc Hlliil with uir iiiiil, iiiiilcr tlii' ta'ic 

npjKiur black in Irumsniitu-d tight and white in redcc 

light. The lauunip an- cliiiigatt'd, Hatt^'iUHl ft|)aw9, fruiri 

\ which finu cuniiU [vruoeu], the LnnaiimU. Tlii> caiialicul£ 

I of ncighixiriii^ iipnc«4 anaHtoiiui'te with ciich nlliir. Th^ 

. bon4XvfU iin' foiini) in tlic luciiiui- und a<^iin]i- the hhiipc nfl 

thp n|>KceM in which they arc foinid, 'I'lii-y hi'ikI |innvaf 
I into tho Hirmlieiili into which ihcy |irolj)il>iy (xtcnd but a 
. short dihtimee. It i-*, howevpr, diHieiilt to make n |H»iitivd 

stjiti^'iiii-iit coiiccrnin^ this poiol. In the wirlier st.nge» o 
; l)one development there are nndonhled ana»<tumoM>s 
I nvi^htioriiig wlls hnt later {imlmbly nut. 

('onijMict Hfi well as hixnigy botie con-i«ts of UtmflUt 
I In the ^p^^nBy I>oih' thp>«' -how iio rt^"!'"" arnuipemenu 
I while iu the eiinipact bone there in a very typical arrangt 
I tnent of thv Iniiieihe, tlejwiKlcnl on the Hriiinirenictll of tJld 
blood-veasefn of the Ixnie. The nicdlnni-fiiieed and i)innl|l 
bloo(l-vc»M-lr> run in uiiialH, known a- tlie HiitTninn raurtliL 
The greatt-r portion of com|iiii't l>i>nr imnii^t^ of lumcUs 
of ground subnlnniT iirniujrcd concent rnally around Ihene 
I cuniiis; the laniellu; un- kuii»M ih tlir Ilnivritinn lamdhi.— 
I The lacuiiie lie at the binuidaries of two lamellie, flo thad 
I th« lon^ axis of tlie cell or Uicunu cuinrifk- uitli tlmt on 
I the Hnven^ian canal, the canaliculi parsing through tlicl 
I suluitanif of the lamella to the next mw ol Inciinw. Tbil 
I innernifitit row of lueuna3 is united by eanalicidi with tfa^ 
Haversian funal it'ielf ; the lacuna.- are hci-e very muolia 
I cnrsx-d to eorrc»pond with tlie eonr&c of the l]iniell%1 
e<|H.-etally when Hiuall Ha\err<iau eanalei ai-e involved.! 
I The lacume of neigliboring liimeUfr ueuuily alternate. M 
i Besi<lcs the Haversian laniellir, we di.-itingninh two^ 
Lutber mU^M^^^i H) TI>o>e nhieh run iiarelMJ 
b&|l||ay^H^^^Htt|um ol' tlie the Ki-callcdl 

HH^^^^^^^^^^H|Hftl«tnt'ilH-; <i')ihosi- whii-li I 
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I run between tLe Haversian Bystenis withntit relation to I 
i thum, but freqneutU' puralti-1 to the ground lumelliE, the i 
I inleretUia/ lamelltF. In seetiona of decalcified bone or ia i 
I ground pn^paratiotia of macerated bone, cut Haversian 1 
I liiniellir are met with, wliicli may be cunfuHwl with the ] 
i intcratitiul laiiiellie. This very n-gidar arrangt^mGHt of ' 
I bone substance into laniellse with int^lamellar cell-simeea 
I is not pitvent in very thin layers of bone, as lor instance 
L in the cementuni of the tooth, where the cell-epaces have 
Isu irrt^MJar arrangement. 




I X19> ~'l'i' "K'ui BliiFVis (line Hin.i--,,i. wimiia « I'll lb. lot 
W belonging to tbem The liiuiiuu; and cunuliirnli are eiiKily reciigr 

Onuu-ionally aonie of the ground lamella; are lacking, J 

o that, for iniitance, the Ha\<;r8ian lamelhe are joined J 

■ directly to the iH'i'ioHteam. The lat^r blood-vessels of f 

■ilone lie in canals which show do eoncentrie lamellar A 

■fiyet«ins. Tliese are called Volkmann's canals. They 1 

adually change into the Hiivfrman muoln surrounded by J 

niclhir nyalcms, witbont any definile lineof deinun-ation, 

In tile neighkirhood of the iwriosleom the external cir- 

nitnlerRntiol lamellae show unculci6ed connective-tissue J 
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rig. 27.— Portimi (iT a cniiw-^Ktiuti td a ilcvitluidnl hatiuui r 
X 4^- 'nif ngiirn nlmw* llw iBmelLu' ■jsU-nu nt mm|ioct bn 

nltiB ; igl, lulemal fpi>auil tniutllje ; i7, inUmtUinl lanwllic ; hi, 1' 
" i P< iirimMiim ; up, trabonulu: at apoiig; Imno. 
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fibiTH fmiii (ho pcriiwU-iiiii, winch {H<iictrate the L 
I niniivfirBely or oblifjutly and arc known 
fibers. 

Tht> ueriofteKin vomi\iAit itf fibrons runnti^ve tiaeiie. 
in divkk-i) iiilip an I'xtornal tibnnis layer wliioh is rich f 
blaxl-vt-'MtcU, bnt uiiiIuuih few evils, und .tin inner ucllull 
luypr (omUiinin^ few Hbers and blixMl-vi'NxvlH. The latb 
layor oftim [:ontain» osU-obltii-U (hit i»jro fi7). 

Till' iiiUfular eadiltt(/ea arn UfiMully of llic hvaline varief 
(»o.. iNtRO 49). 

'i'lio lit/tiiufiitu lire librmiH Btnictnrea conftintinf; of dcnl 
while tibriiti;( iitiini'i-tivc lijwnc, witji ihe I'Xwption uf c 
tnin li^iniontH (nuoliio, mibflava), which are noni])osc<l of 
cliiAtiu iilK.-ri', The xyinpiiysc* or Piitnres, on ihi* othw 
hand, <!onmi*t nf vt-ry Iikwi- eimnccitivc tissue, Tlie labra 
Kli'iuiidoliu aix^niit cumixwitl of hynlinc cartilngc, bill can- 
sist iif vtT)' dense tibrunH oonnwlivp tir^ne, which often 
xhiiwM the Rtrurture of white fibro-cartilagc. The JWDI 
ciip^nleM and t<'ndun sliwithi* consist of two laveni 
external fibmuB layer of deiiK^ fibnms tisnue, and an iiiiH 
Kynoviiil stJiitiini, which i* UiiwI r>n ito inner surfuoe \ 
endothcliiil (v!l», thoiinh ihew are not always in a conliiq 
liniis luvfr (see page 42). 

Th«''6i»(if^(/M(nY..r iM <livid«il into two cUwees — the i 
and the yellow. In the adult, tlie yeUow inamiw p(j 
dnminnteH in the innrniw ninnlfi ami hirner niarniw flpaoc 
of Iho hnig iMnwf. It c<>n«ist« niowlly of adipose t' 
Tim rtil Ume-niarrow is fonnd in the Nninller ma 
^poiMH af ^iniigy iKini' itml j^ verv rich in hhxid-vn 
H <Mrtly .l^^-id '.fendothvliul widk TIh 

nets "f 11 delicHlc r'-ticnhini of whit 
ffiuitwtive ti'isne, in tht uit^hvs a 
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which are found lymphocytes and leukocytes, myelocytes, 
giant-cells, and the developmental Joitnn of red blood-celk 
(see page 62). 

The blood-vessels of bone are distributed partly in the 
periosteum ; others penetrate through the nutrient canal to 
the bone-marrow. In the bone substance the larger ves- 
sels lie in the Volkmann's canals, the smaller ones in the 
Haversian canals. The lymph paths begin with the peri- 
cellular spaces of the lacunae and canaliculi of bone and 
continue as perivascular spaces following the blood-vessels. 

The nerves of bone are found principally in the perios- 
teum, where they terminate as free sensory endings or 
Pacinian corpuscles. Vasomotor fibers accompany the 
blood-vessels to the bone-marrow. The bone substance 
itself is devoid of nerves. 



BONB DEVELOPMBNT. 

The embryonal anlagcn of the osseous skeleton are 
partly of hyaline cartilage and partly of white fibrous 
connective tissue. Accordingly we distinguish bone pre- 
formed in cartilage or endochondral bone, and primary 
and secondary connective-tissue bone, also known as intra- 
membranous bone. 

The process of bone development in the bones preformed 
in cwtilat/e is the more complicated, because in this, two 
processes are taking place at the same time : first, that of 
perichondral ossification, which originates from the peri- 
chondrium of the cartilaginous anlagen of the skeleton ; 
and second, the endochondral ossification. The latter takes 
place in the cartilaginous anlagen of the skeleton and is 
accompanied by the breaking down of the cartilage. With 
regard to the manner of bone formation the two processes 
are ess<^ntially the same; nevertheless, the result of the 
bone formation in endochondral ossification gives a dis- 
tinctly different picture from that in perichondral ossifica- 
tion^ so that the osseous tissue arising from eudoeUoiidcal 
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THE .Sh-KI.KT.tl- SVSTFM, 

'LATE 8.— Bone DtVELonMENT. Ml 
1 Section of the Last Two Phalanges of ■ ^H 
fc-month Human Embryo. > i:>. ^H 
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^^H oaeificjition in L-aKil^' to he (liHtia^uisliu) from that ariHitij 
^^M by [Krichoiidnil iiwiifitntion. 

^^H The prrtviwiiiiml vwifientum bopini* mmcwlmt earlm 
^^M than dm ciidochondral ; in the initlclle of what is lattr tl« 
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^^1 formod iiy the periohondriuni, wliile at the wimc time wh 
^^H in thf mine rt^'^oii Ihc itartilu^- bif^iim to rnloiry. 
^H CaI(Tiiini siiltH avii «lf|iiiHite(l in the gmiind milwtanw ot 
^^H the nirt i Ijip', t.hi' on-tiliip- sjimr^ incmix- iu size, an( 
^B finally tlicru iw » Blirinkiiig uf tliL' airtihign ci>IIs, wificli » 
^V Boon foUowe<l hy the death of the cellri. In the n^on ol 
^H the ctUcifieutiun nf the cnrtiliif^, the fnrtlior growth of car 
^^k tilage ceaseH. In mnsetinence of tliw, some time urter th 
^^R bi'ginnin}; of ot^sifieaticin the enrtila^noim portion of tb 
^^1 skeleton appejim as if constrieted in the repion of the zi>n 
^H uf raloifieiilion. Cell divieions gtill tiike i>1h(% utU>r th 

^^1 foniie<], m thai H^evenil cellx lie in one of the enlni^ 
^^H cartilage Bjiaei'S before they de^reneriite. 
^^M The formiUimj nf mdockrmdral lionc i.n iniiiiiteri by (h 
^^H penetration of a blooil-vessel fnmi llir periiifttnni into till 
^^B caleified eartilage. The way throufrli ihr iMliiliid irrunm 
^^M subtitJintw of the cuni]ii};e is oiH'imsI tor ihe liUxxl-veoee 
^^H bv |K)lyniiclcur giant-<jellH trailed ontrocJaiitM, whieh have 
^^M tite {Miwer of diainlegrnling enleifieil earliliitcinotis »itl>- 
^^m Btanev a^ well as Ume (see |>ii)re III). The o^teoclasts 
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BONE DE \ 'ELOPMENT, 8 7 

remains of the intervening walls, consisting of calcified 
cartilage matrix, are left. The calcified cartilage matrix 
stjiins a dark bluish-violet with hematoxylin, while the 
uncaleifiod ground substance stains a light violet. In this 
way anastomosing primary marrow spavi'^ develop in the 
bone anlage, whi(?h are at first small. These primary 
marrow spaces are filK»d with cells derived from the inner 
or osteogenetic layer of the embrycmic periosteum (peri- 
chondrium) and are known Jis odeoblash. Certain of 
these cells differentiate into the (jells of what is later the 
red bone-marrow. Between them numerous blood- vessel^ 
are found. Around the remains of the calcified cartilage 
matrix, which pmject freely into and l)Ound the newly 
formed marn)w spaces, lie the osteoblasts, rich in proto- 
]>lasm, oval or low cylindric in form ; these, especially 
where they are arranged in rows, give the impression of 
epithelium ; they are known as osteoblasts or bone-formers, 
bec4iuse they are the cells which de])osit the osseous sul)- 
stance. Through the activity of the osteoblasts, asseous 
matrix still free from cells is formed around the remains 
of the cartilage matrix. This, therefore, always contains 
within it, even when the formation of the bone is farther 
advanccKl, calcified cartilage matrix in the form of ser- 
nited lines and trabecule, which are easily distinguishable 
in microscopic preparations by their color. When the 
osteoblasts first deposit osseous substance, this is free from 
cells. Gradually, however, osteoblasts are surrounded by 
young osseous substance ; they then lose their bone- 
forming function and become fixed bone-cells. Only the 
spongy bone tissue is developed by endochondral bone 
formation. 

The ])roc(»ss of perichondral omficxitlon is very similar; 
it has already Ix^jifun when calcification occurs in the carti- 
Liginous portion. On the inner surface of the perichon- 
drium at til is time is found a tissue rich in cellular ele- 
ments, known as the osteogenetic tissue. This contains, 
on the side turned toward the bone auUv^c^ a ^vw^^ la.^^t 
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THE .SKELETAL SYi^TEif. 

PLATE q.— BONK DEVELOPMENT. 
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uf vcn' pr»tnin<?nf o>ib'ohliu>>ts, wliirli dpiioF'il i»«pntiti >*uk^| 
stance on llic ftnleiR^] hikI cmrtrictwl diuj.Iiy.seiil jMirti^H 
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chondnil bone in at lir^t free from ci-lU; as tlic proco^H 
procecdK, the rtnlcnhlasls aii^ incloswl, otliiT iis.tcobla|^H 
tKintimiin^ tlic fmllicr (l('{H>sitioii of ttsMiJiis tissue, even ^^| 
a limp wlifn the ciidm-liimdnd lion.- ia still IWiig fornifl^H 


platb io.— Bone uhvelopment. ^H 
Femur of a SU-month Human Embryo, v 15 ^^ 
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Fig. 37. — I'urtiuii of a uruBx-aM'liuii uF u ilixviicilieil liiiiiu ._ 
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&biT8 rn)Ri the periaiieiini, which pcnelratc the lam< 
tmnHVcrHcly or ubiiqiicly uiid iirc kiiuwn an Shai 

The }Ki-ii>Mfuni «in!jist» of fibrous connective tis8ii«. 
IH ilivkktl into an external libnmH layer which is rich 
bloutl-viisacU, but mntaiiis few rclla, iiml.nn inner ccIIliI 
layer containing few Rbere iiml lilood-veHseU, The latter 
hiypr ofK'n contflius nstcobloAtfl (sw jiage 87). 

t\\v iirtleviar caiiilagtK &TK a»\vA\\y of the bvitline 
(.r ,««,. 40). 

The li{/iii)ifiifg are fibrous structures conHit>tine of di 
white fibi'oiis couMii-tive tissue, witli ihe exception of 
tain lignmeut^ (nuohte, KubHuva), which nn> cimt]>08e<3 nf 
ehistic fiberw. The Hym|)hyHes or miturcH, on tlie ntlur 
hand, coiiairtt of very lootm conneotivc ti«5ne. The labra 
(^lenoidolia are not comiiosed of hyuliuecartilugc, but 
sist of very dense fibrous connective ti«»ue, wliicb t 
sliowa the stnictiire of whit« fibnwairtihinc. The j( 
eupsiilcH mid t^-rKhm sbi-iitlit- con.-tiHt of Iwo Inyor 
cxtorual fibiMus layer of ilense fibrtms tisiiue, and an 
syuiiviiit eitratuin, which is lined on its inner mirfuuc 
cnduthcliai n-\\i>, tlioiigh ihi^c nri' not idwuy.s in u roitl 
uoii,^ layer (wet* page 42). 

Tiic Itmii'-mfii-raw is divided into two oliMsee — the 
and the yellow. In the adult, the yellow inarmw 
dominates in the marrow canals and Inr^T n> 
of the long lione». It coiixists mostly of adipose t» 
The re<l bone-marrow is found in the smidlcr 
spooeri of Kpon^v Ixine and is ver}' rich in bliind-veoHels; 
the capillaries are partly devoid of ciidollieliiil ntilk Tbo 
re<I bom'-marn>w (winwifits nf n dcliejilc reliculuni nf white 
Shnnis and reticular connective tissue, in tliu tuc^livs q^ 
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The boundary line between the two kinds of bone can be 
easily recognized bv a fine line of calcified cartilaginous 
matrix. The j)erichondral bone, of course, contains no 
bits of cartilage matrix, as it is deposited outside of the 
cartilaginous portion of the skeleton. 

The apj)osition of new [perichondral bone does not take 
place by the simple dejK)sition of osseous material on the 
new bone which was formed earlier and the consequent 
thickening of the original layers of bone ; but trabecule 
of lx)ne are developed, which become confluent and thus 
inclose osteogenetic tissue. The cavities thus formed con- 
tain blood-vessels and also on their inner surfaces lavers 
of osteoblasts, which constantly produce new osseous sub- 
stance and thus diminish the size of the original cavity. 
When the diminution in size has gone on until the cavity 
is very little larger than the blood-vessel which it contains, 
the osteoblastic activitv ceases, the un inclosed osteoblasts 
probably again becoming fixed connective-tissue cells, and 
a Haversian canal is formed. In this way the perichon- 
dral lK)ne formeil assumes gradually the structure of 
ordinary compact bone. Perichondral ossification results 
in the formation of compact bone. The greater portion 
of the whole skeleton is therefore of fibrous tissue origin. 
Up to the time of birth there is still a relatively large 
amount of endochondral bone. During the first and 
second years of life the greater portion of this is absorbed 
and replaced by i)erichondral bone ; this is true of even 
much of the s|)on gy bone. As perichondral bone develops 
from the outside, — that is, by apposition, — it does not 
show a row of osteoblasts toward the marrow cavity. 

The formation of intramembranous bone follows a simi- 
lar course to that of perichondral bone. A layer of 
osteoblasts is arranged around the calcifying bundles of 
connective tissue; numerous anastomosing trabetudae of 
bone are thus formeil, inclosing bl(K)d-vessels and forming 
Haversian canals, quite as in perichondral ossification. 

The process of ossification, as wc have d^sjcnb^ \i^\% 
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Plate h.— hone development. 
Pin. 1.— Portion uf n Longitudinal Section ol a Metncarji 
Bone of n Five-month Embryo, ■' w. 

Tli«%iirL' rciin'».iit-ilitMV(£ii'ii •>! i'i"lix'liomlr»l iwgillcjitioii <i 
eiiihryonnl jin'tocjir[iiul 'Kiiie iinil aliow-i tht- oIhhikhi ivliicli llii- ain 
aiiitiTiciK'N iHifiiri' iu ili:i.«i!iitl(in. Chilsidc in iho prrioliniulnuui i 
UtyeT iif ]>pNi^ljiiMilrul >H>ii<'. 

Twiinic : MuIWh tluid with fommlin. Hi'iu;iu>\> lin-i-..- 

Uf(rn'i.c" IrtW-rs: r/f, Bone f<ln....l I. ....1.. ■ 

Kn, LiirtilMfp-; A'n., Wioe In whkih lln < i 
nm-s ; A'n,. znne of cnbugL-d (nrlita{;i: ■■■ 
mthi'liincr: ; KnH, Kmniiinnf mirilini ';•• i .. .. ..i 

pK. I«itip fiiniii'il l)v pHrii'lhimilnil iwijin.i „- 

Fi'iR. 'i-ti. -Processes of Bone riirmntlon and Bone Resort 
tton In the Lower Jaw of n Seven-monih Human Rmbryl| 

Twihiiio: MUller's tlitid with rurnialin. Ili'i]Uttox>liii-H») 

Fig. 2. — Ynnng iHino tmlirtiiilie m»l tiirmitiK. Onlrolilnsts ■ 
tncltNiiv] b; bnnfi sntxitanm nod ttiuH ohanitnl lo honr-orllH. 

Fig. 3, — Giiuit-«lls in Uii; rerting aloge in tile ooiuipotivi' Iiibop. 

fig- 1.— Two octivr glDnt-^^llw in it amnll (nlmiMt rmorU-d ) jilrvi 
bonu liMac. 

Fig- fi. — Three ginnt-oells on the honlfr €>f a largi- piwr of Uhhv 
Cine cell Hrs in n Inrniut, ihR spcoiuI is mnipwluit sepomud Imm thv 
bone, and tlie llilid ig iil*w>rhinfc • lanjvctlng niint of lioiin. 

Fig. 0.— <iiaiit-ii-U in a Iwuna, The micVi of llic mils lie at il"- 
■ids awft; from the nworplion iarlncr. 

Bvl^renoe leth'nt tor Figs. 2^: r, Qiiilltitry ; KnH, iihumiiis timin'; 
knt, bonr-m-lUj obi, UHltwhiaBtHio&ri, n«teolilBauoliuneiiig U> buui>-orll< 



iiImo chnraclerixed as tliii la-opftutic ty]K?, in opposition tu a 
mcthfid of Ixme formalioii wliioli oocnrs only in very few 
plaws in the lniTiiuti body, in wliich there is a ilinvt tmii^ 
formation of iho rartilage intii Ikiiio, timt is witlionr. prwf- 
(itiit (ii'Kfncnttii>n nf tin- cartilage, and wtilcli in kni'Wii h 
the mtiajiladlc ty\ic. The only re(rion where this tneth^ 
of Ikhii- fonnution take* place to any extent ie in the 
fieation of the artietilar jmxie,'>«en of the lower jaw. 
woiilil upiR'ar ihal liere the nirtiliiKe cells clisuijie dirt 
into bone-cellfi. During tlie growth of iiones, ihe also! 
lion of os«(ions tiK<ue goe« on Inuid in hiuid with ! 
J<>rn«ition of new Itone ti*ine ; in tlii.i way the m 
iiiimls mill ninrnnv ^[Kieos are e»\OTgi.'v\. 'tWvXi^ 
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of. the bone already formed is brought about through the 
agency of special cells, known as gianl-cx^Uji or osteoclasts. 
They are large, splierical, polynuclear cells in the resting 
stage, such as are found also in the bone-marrow. The 
osteoclasts apply themselves to the bone to be absorbed 
so that thev fit the form of the surface ; thus thev often 
surround splintci^s of bone which are to be resorbed. 
Some time after the application a pit is seen in the bone, 
which often exactly corres})onds to the form of the osteo- 
clast ; these depressions ai?e known as llownhip^s Uicunce. 
Where larger resorptions take jJace, the osteoclasts often 
lie close together, and, forming pit after pit and dissolving 
the bridges which sej)arate them, may dissolve large sur- 
faces of bone. Not simply during the entire time of 
the growth of bone, but also in later life, areas are found 
where bone is being resorbed. 



II. THE ORGANS OF THE MUSCULAR SYSTEM. 

The principal organs of the muscular system are the 
muscles, tendons, and fasciie. 

The muscles consist of a collection of transversely 
striated muscular fibers, whicli arc sej3jirated into sub- 
<livisions by strands of coimective tissue. The external, 
more markedly develo})cd connective tissue is called the 
perlinyiiimii externum. It sends strands of connective tis- 
sue, known as prrimi/sii(m intcninm, into the interior of 
the nuiscle, which inclose irregular spaces and Inmnd mus- 
cle bundles of different siz(?s. The terminal processes of 
the perimysium finally surround each single muscle-fiber 
forming the cndfrnn/simn. The perimysium is (juit<» rich 
in clastic fibers. At the nodal ])oints of the |)erimysium 
lie the larger blood-vessels and ncrve-lrnnks of the nuiscle 
and usuallv the lar<>:e sen>orv nerve endinirs known as the 
neunnnnsenlar spindles. Hie latter are, however, not 
£ouih] in aJ] tlie muscles of the body •, Uvii^ \x^vi V^^ik\\v^vc^ 
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PLATt 12.— MUSCLK. 
Fit}. 1.— Portion of ■ Cross-section of the M. Omohyoldei 

of Atan. >. Id, 

TliD tlHuc wiiK llxed two oiul onD-lmlf h»iira nttcr ili'alli. 

Tlie Ugtin Mbuwn tlip lunngFiiieut <>( the niuail<! buiulln, o. 
pariiuyHtnin, i>f Uii.' Iiluul-vneels, ncrvca, iinil vt tint ni-nromtMcaH 
Bplndln (ilin uarvcd llnr u> tlie right in llie fre« aurfnov of the n 
de). 

Tnilmia: ZciikEt'ii fluid. lIotnnbn.vHn-Mieln. 

lii-fcri'iM* Idlnn; II, ArWrj[ Aj, l.lo<nl-vi»*»?l (vein); nw/ 
iiiuBt'ulnrnpiiidlpi n, iibrvc; jiiw, iicriiiiysiiim externum; jimi, 
slum liitrniiiiii. 

Flu. '2— Cross-section of Neuromuscular Spindle from t 
n. Omohyoldeus of A\an. 

Tlif fiKiire (lives tlu^ iilrtiire of n tmnaverwly ciit nriimniiificular 
siiiudk will) UlL'iK-iiililKjrIiiKl'niiiftvenirlj'MWtioiiod iiiiiwki-liln'rs. 'nit> 
■jiiiulle, wjiniKiiipfl ii( u Hinucctiviwiiaiue HluH>>h, siiiiill lunsclf-fibfra 
and nprvna, Ilea in tlis jieriinyBinm internum. FInr stmiidH nt tlif 
lalMT penettat*' brtwccn tlie uii^le luiisuledbt-is durromxliiig titc 
qitndle. 

Teohnic, eto,, m In t)i« preowIinK flicure. 

Kcfcrr.ntf lettcni: ftrff, Cunll«llivl^-lia9u^• tihcaUi of thn Bpiudle ; 
M, niiiHclrv-nben at tho spindlo with iixinl nnolci ; m, tnuisverai-l.v 
Btrlnlcd iuUM!l<'-lil)Kr in erone-M'Ctioii ; n, nerTc-flhcr ; iim, periiuyiiiuiii 
1)1 thf ainglcr niimclo-fllwrB. 



llie extrinsic eye mitsclcs, in tin- iiitrinHic niiiecles of tlie 
Imigiit', ill the imiSL-lps of the lam?, antl in certain other 
.'tDialler mnsc-les. 

The iwuftmiiim'uUir iqiindleit arc long fusiform Htnicliires, 
which are genemlly arninntit in the (lirc<;lii)n of the long 
uxiw of the iiiitscle and usually He in the ]x'rimjwiiiiu m\i- 
aratecl from the utlicr miincle-tilR'rH, The nfiintrniificular 
Npindle ci>nftirtts nf a connect tve-tisatio cajiHtile, conifiojii'd 
nf from four l<» eight i-onccntrie himi'llw nf fihmns eoii- 
mvtive tii^ikue, williiii which are found fonr to twenty 
sinall ninseU-filxTs rich in siireojihiMiM, known as 
intrafusal fibers. In them we niuy re<v)pniz(' u pmximal 
polar, ail ei|imtoriaI, iind a diwtnl jxilar r(j;inn, Ii 
pMximal ami distal jHiliir regions the intnifnsiil nn 
fillers prf.-wnt tlii'slniclnreoi' striated nm^'li-filHTs of 
red vnrietv. In the etinatorial region ihey 
/amit/ilnKin fiiuJ (!onluin nunirnrtis uwVa.wUWmimv^^v 
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placed, the fibrillar structure appearing as a thin layer 
about the periphery of tlie fibers. Surrounding the intra- 
fusal fibers there is foun<l a thin laver of connective tissue 
known as the axial sheath, and between this and the cap- 
sule there is found a large lyinph-sj)ace, bridged by con- 
nective-tissue trabeculae, to which the name of periaxial 
space is given. The intrafusal nuiscle-fibers of the spin- 
dle are not connected with other muscle-fibers, but begin 
and end free in the sheath derived from the perimysium. 
The neuroma<4Cular spindles contain numerous ner\-es, 
which show very characteristic endings (see pjige 113). 
They are sensory organs, which subserve muscular sense. 

The blood-vessels of muscle are verv numerous. The 
larger trunks run in the coarser strands and nodal points 
of the perimysium. The branches pass into the muscle 
bundles and each single muscle-fiber is surrounded by 
small capillaries, which form long meshes around the 
muscle-fiber. The nerves of muscle are numerous. " They 
are medullated and non-medullated; the former comprise 
partly motor and partly sensory fibers. The motor fibers 
end on the muscle-fibers themselves. Each muscle-fiber 
contains at least one and generally several motor endings(see 
page 109). The sensory fibers go in ptirt to the neuro- 
muscular spindles, the adventitia of blood-vessels, and the 
connective tissue sheaths of muscles ; others pass to the 
neurotendinous end-organs found in the tendons. The 
non-medullated fibers end on the blood-vessels. 

The tendons are connective-tissue orgims, which are 
composed of very regular parallel bundles of connective 
tissue. The bundles, which are com[K)sed of formed con- 
nective tissue poor in ehistic fibers, are designatiKi as ten- 
don bundles (also called tendon bundles of the smallest 
order, or primary tendon bundles, or tendon fasciculi). 
Between the tendon bundles lie the stellate tendon cells, 
connective-tissue cells, which, with their processes, sur- 
round the tendon bundles, since they anastomose with the 
processes of neighboring cells. In smaller mammalia 



94 titf: Miuncci^k system. 

Fin- 28— Croatflfction nt » liunuui b-iidun. X 33, The prppo 
tion woa takrn (mm one who had tieeii exFentrd. Tlie Afiare^iveai 

Sntni strui'turv ol t«ndon. Ttererence Irtu-ra for Fi)^. -28 snd '2 
g, (ftnoil* of nrnHmlivr tiome; hg. bI<iul-vii«(>U; iib, larger tciult 
bandies, bounded hj iUnnfla of (Bunective liiKut; .V*. tendon oelta. 



(rat, moiiHc) tliF tettdon <x\\a {toseeas a Roniewhnt rcgulan 
rpctangular body witJi lamellar priK^aaes, tlie iKivoAlIt^ 
wmRttl ti-iidnn wlls. 

Eacli Inndi'ti cinirii!*tr« of a <MiIlcclinii of tetulnii bundle 
wliic'h firi' hfid ttigcllicr by stniixls of arci)l«r winni-ctiw 
ttimuc. Tlic ooDuectivG tissue which surrouuild the whold 




?\p 2!!.— A portion of the errtion nt tenAna rpprodncnl In Fift 
3S. nhilor higher tnugHiflcotion I /. (ill. Tliu liKiire shows Ilie tendiM 
Dells wilJiin llie Bocondftry teiidon buiidliv. 

tendon, and wLidi is known aH thi? external |)eriteiidineQmJ 
sends pnx'e9»^<'3 inio the interior of the tendon, fnpinin^^ 
the inlerniil poritenduienm, whjeh sfjmnites Jind t^urrotinds 
irregnlarly shaped proups of tendon bundles, fftrniinff the 
ao-euShti Jiecomim-ii tiiuUm 6itTKf^,<)f wUiuh ciicU l«r(rer ten- 
uoii coataiua a immber. 9 
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The tendons are very poor in blooil-vesseLs, the larger 
branches of whieh are found at the nodal points of the in- 
ternal peritendineum. On the other hand^ tendon has a 
very rich supply of sensory nerves; certain of the sensory 
nerve-fibers ptiss to the Vaier-Pcwinian corpuncles ; others 
terminate in free sensory endings, while still others end in 
the so-called neural cndinous Hpindles (see l)age 113) situ- 
ated at the boundary line between muscle and tendon. 

Fibrous raembnmes, aponeuroses, and fascia) have a 
structure quite similar to that of tendons. 



III. ORGANS OF THE NERVOUS SYSTEM. 

1. THE CENTRAL NERVOUS SYSTEM. 

The space allotted to this section does not permit an 
extended description of the structure of the entire central 
nervous system, and especially not of the course of the 
fibers contained therein. It is our purpose to describe 
briefly the structure of the spinal cord, of the medulla 
oblongata, of the cerebellar and cerebral cortex, so far as 
the elements of the nervous system (see under nervous tis- 
sues, page 70), by their w)ml)ination, make up the struc- 
ture of the parts to be considered. In regard to the rela- 
tions ()f the course of the nerve-fibers, of the topography 
of the several parts, etc., the text-books of anatomy, and 
particularly the special texts on nervous anatomy, must 
b(; consulted. The topograi)hy of the sj)inal cord and 
nuHluUa (olives) has been included in the legends accom- 
panying Plates 13-15. 

The gniy matter of the spinal COrd and of the medulla, 
as well as of the entire brain, consists of neuroglia, gan- 
glion-cells, and scattered meilullated nerve-fibers; the 
white matter consists of niedullated nerve-fibers devoid of 
the sheath of Schwann, between which neuroglia is found. 
Processes of the pia mater of the spinal cord run into the 
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PLATE ij.-SPTNAL CORD. ^| 
Cross-aecllon of the Human SplniU Cord in th» R*(l(^| 

of the Cervical EntarKement. J^ m, ^H 

Tbi' (iil'iKiriilliiU HUM Ukt^ii Truiii tui fulull and wiut Hxl^ two B^H 

Twhnic: Mnllir'a ilaid. Smllum ivu-niiiwU. ^H 

oolnmna luifl oT lite ptn niAli?r. ^H 
K*!(i-reiU!f Irttere; fcjf. Blood- vMstlB; ca, niil*rior liurr o( gmy nurt- 

oanat; Pp. jxwWrior horM o( gray niatKr; /n, fiuiiciilnn oiiuirttir or 

or thp ooliiniii of Bnrdiich;/^, tniiJDnlnH (pitcilis «r tlir nnlumiinr Oc 

pitt itiBtor; m, naterior, ventnil, or niulur roul-lititm; rp. nuiter 
AamiX, or eensoij roat>Ill>nra; i>s, aulMliuitia gclulinoeu ol Kolna 
a/I, iKwderior uiixUhu ceptuui. 


white matter, purtially dividing it into areas known 
mliiiuiw. The ntTVe-fibors of the while niilwtanee r 
within the (H>lumiis, lur ttiv \WfA |mrt in the dircctiou 
the long nxiH of the ppiniil cord; lai>tiT hundles niiini 
truuBViiracly txtv foiind only in tliir ventral and dursid rcH 
fihers. The Htructur>-> of the white hiihi^tancc in Uh wb4 
brt-udth is very imirurm. The tii-iir(^diii wlU oro Mmttei 
here and there din)ii);hoilt the while niiitter, an<l the netin 
liii flben* conrHo Iwtwemi tlie nervc-lilHTs. A tliielter Xaj 
of glin fiborH in found ut tiie Hiirfuce of the -»])imd oo 
under tiie \im mater. 

The ^my mutter of llie Ppiiuil eoni prcwnls ii mo 
comi»lit-«t4<d Blnioture than the white mutter. Its eonat 
acaia have in genoml the follciwin); rL-hitiims; Tho^^a 
ijlion-oe/l» of the spiniil cord are, without exi-eption, maj 
polar cells, hnt of different sizeH. The liir^^'st ivIU ( 
the vtotor of/lt of the antrrior honm, which are ueoal 
arntnged in wveral pronp*. Tlic neiinixis of each 
jmssc-s inmiiHlialcly into onv of tlie nerve-fihers of the ante- 
rior or ventral rout. The cell-hiKly is large, its bnin<^hej<, 
C9|»winllv at llieir ori^jin from the ceU-bo<lv, being larj^ 
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of the spinal conl are smaller and their dendrites are not 
so well developed. As their neuraxes run into the col- 
umns of the white matter, from which they may give off 
at different levels collaterals which enter the gray matter, 
these cells are called colunm cells. The neuraxes of cer- 
tain of the column cells pass through the gray matter to 
the opposite side of the cord; these are known as commis- 
sural cells. The column and commissural cells lie scat- 
tered through the gray matter, partly in groups, as for 
instance the dornal mielens or column of Clarke, situated 
at the base of the jK)sterior horn and especially well devel- 
opeil in the lower dorsal and upjKT lumbar regions. Cer- 
tain of the cells of the posterior horns have a neuraxis 
which does not pass into a nerve-fil)er, but breaks up 
immediately into many branches ; these are the so-called 
Golgi's cells (see page 75). 

The iierve-Jibcrs of the gray matter show a very compli- 
cated arrangement. They are found in all parts of the 
gray matter, partly singly, partly in small groups, and 
only exceptionally in more comj)act bundles. They com- 
])rise the beginnings of the motor roots, which, soon after 
their origin, receive medullary sheaths, further dorsal 
root-fibers, which enter the gray sul)stance through the 
apices of the posterior horns and pass in this through the 
substantia gelatinosa Rolandi and the region of the dorsal 
nucleus to the anterior horn into the region of the large 
motor ganglion-cells, forming the so-calU»d reflex collateral 
fibers ; others come in contact with the collaterals of column 
cells. In the white commissure medullated fibers cross to 
the opposite side of the spinal conl. 

The neuroglia of the gray matter is found in the form 
of ependymal cells lining the central canal or its remains, 
in case the central canal is obliterated, and as neuroglia 
cells and fibers, scattered throughout the gniy matter. 
Special collections of neuroglia cells and fibers are found 
around the central canals where they form a neurogliar 
mass entirely free from nerve-cells and almost entirely 

7 
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Plate 14.— si-inal Cord. 

Cross-section of the Human Spinal Cord at the Level 4_ 
the Lumhar Enlargement (ini>ttiinlH of iliv w-ciiuii Khuwn},^ 

Tlif tiaaiit was lU«l two fltiil (iiitvlwir liourn ftfWr ili>alti. 



an- Awk bla(!, thu nnclni ml. Wu urii the rHlalinn of Ihn ni«ilulliw 
Dcrve-nbnB to the gny HiibBtanae luiil Itie whito xuhelaiuv. 

Trohiitc : Miillcr's fluid. Wrigort-Pnl's mctlxM] (or stainitig i 
mixlnllary HluMtho. Alani-carruin. 

Hi-fetcnci' Iciiere ; nui, AnU-rior wliit* ivimm insure ; Pc, rt 
the nhlitrmtfHl nrntml caiml ; /mh, nnU^iior ninlinii tlnsuro ; gl, rstfl 
nnl giit, shi^itli ; lit, piriKliou-i'pIlt) itt tiiv anu-tiur Imrii ', nH, iiuc14 
doiiiuliii ; pm, niu tnnter ; Ha, autrriiir or vrntnil rmit-dbtTEi ; Bp, \ 
Irrliir orilorsnl rrxit-flbers ; ig, gul>HlAiiIin gi'lfLlinosant Kolanilo ; 
piNit)<rior niediuo aeiituiii. 



frpc from ncrve-filjcrs. The »iiil}§tautia ^latinnsa, on i 
other Iiand, contains no vxcesa uf pVia cli'mciits. 

Tlic h/jMid-n-ASfh of the spinal coixl enter the nerve buH 
stance fruni tlie (lin miilcr; the liirp^'st trunks are limni' 
of the nnlcrior spuml nrlcrj', wliii'li pcnrtralfs iJie 
fi-om the IniHe nf tho metlian fissure. The white matter | 
vi-ry |K)in' in liliiml-vi'wsels, while the gniy iniitter ie V 
viiHciilar, liciujr (■•^p-'iiall)' rich in «ii)illariea. 

Thf cerebellar cortex ii.ts a ven' r-huraeteriritic atn 
turf JifVerent fn)ro that of all other imrtfl of the brain, 
flurroiinds tjje while matter uf tlie oerebellnm, which c 



PLATE 1;.— Medulla Oblongata. 
Half of the Cross-section of the Human Medulla Obloi 
gata In the Uesion of the Olives, y fi. 

Till- jirffiamiion wns t«k«n from an ndiilt. 
The ll)^irf kivpha picturti of theHtructureof themiiliillnctilonj, 
Tecliiilo: Muller's tiniii. Wpigcrt-PBrs mcUioii (or eUiiiiing ll 
niHlulliiry ^hculJix. AIUTn-<»miln. ' 

Bcfcrciiw Iolt«ra : /at, Ftbrtt> luvifumiea Fxtrrnii- : 



itr, aoolnuit nervi vaK> '■ "d, tilivn doranlU , 
pedunciiluH (wrt-btlli ; Py, pymiuid ; *m, Bulwlan 
trf, snbstontia rcliculurU griaca j v, vufjtut nerve. 
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PLATE l6.— CEREBELLUM AND HEART. ^^ 
riH. :.-Portton of a Transverse Sectton of the riunua 
Cerebellum. . 3). 

The ISitnri^ k''™ » K<-'<>('nil picliireof llii' Mrut'Mire of thi-_ wrphcl- 
lum. 

Twhnip-. Mfillcr's tlnlil, fVrfijiiii nirmiiuit4> 

Itirfrtvticv lettrni: by, lilood-voM-lK uF pin iiinttrr; rm. Iniiiina mfdal- 

Ht»r Ift.yt'r: uliir, sirntiini jjmniilmiiim; mg. Mntliini of BHngltnn-cpm. 

Muacle of the Human Heart. 

Till- lurrwvriiliiiii vnis l;.ki-ii fniiii oiitr wlio liml ln*ii fxivnM. 

Tiie flgiirc gives n piriiirp at thi' smic-ture of Ihf hrart-wall. 

UifKum; rarf, eiulncnnlinm; Riy, myocAnlliim. 


The eorebellar onrtex, ilkc the jrray nuclei, i« fiirmwl of 
lu'ivc-cclla, iiervt'-filHTS, im(I iieiin^lia. 

'Ilie arrangement of tlie nn-Vf-fbein of llic cerebellar 

oirtex, the majoritj' of wliich art' nipdulintiMl, 'n^ very sim- 

plc. In tlic granular 

zone llie niedullated 

•• fibers conrse Ixjtwoen. 

the small panglion- 

S \ cells. At the bonier 

^ A, of tlie molecular layer 

—4 ^•'^ ' -^ we finil a wwiewliHt 

/ ^ \. prominent hij-cr of 

J^ horizontal fibers, ►" 

which, still nutiiil- 

Fk. St.— Two MiiAllgmiiulftr colls nt lated, extend for some 

tlitf (luiriBit ceivlwllar corU^x, treuUxI i-^ ■ i li 

byClgi'. mBili«L, V. 3*.. rf, Dim- •l'^^"""- """ <"♦■ "»>- . 

dtiUa; », ncunuis. locular layer, m the 

((liter Kone of which 

ull the Mcrve-filH-ra lose iheir medullary shtathH. The 

medullatwl fibeni of the wrelwl Inr ei>rtex an- partly the 

collateral"! of the ncwmxcH of Pnrkinje cells {.■«« piige 

- 101), partly fihei's from thp bniin, which enter thn:>ugh the 
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L The Tterve-ivt/s of the cerelwllnr cortex shoiv tlic greatest 
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Fig. 33. — For^Q of tt&nsverae section of the hmniui cerebellar cor- 
tex trmtnd by the Golgi method. X HO. The Ilijnre nhowB the 
small gmnnlnr cells Id the )-n>niiliLr layer ; in the ranln-ulor layer ore 
«liuwQ 811111II uu-tloil uella and lioskel cells, gl. Glia cell ut mnlfciilnr 
Inypr ; A'a. Imskct ooil ; kla, siuall granular cell ; Bi, sinall wirtieul 
cell ; gic, stratuin oinereutu or ruoleoular layer ; ifg, stmtuin gmna- 



pocaihie variety in size and form. The celfa 0/ Pvrh'mje 
are tlic most characteristic and attKeslU]aetua«l^^•&^as^J::j$.. 



TBS CEmHAL KR&fOVa SYi 
I The nerve-celk of the cierplM-IIar cortPK «!ir> 
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Fig. 33. — Portion of tntiuivciae stction of the hnman cerebellar cor- 

X treAUvl by the Giilui itielhod. X 1 1". TIip flmiri' nhnwN Ihn 

uiU );nuiular wIIb in tlic gmunlar layer ; in the inolcx'ulnr layer are 

L wnnlJ oorticnl cells and luutket oells. gl, flltu <x\] ill niolH'Qlm' 

; &'i. InicOwI cell ; kkz. small jjcrunnlar veil ; Bs, sniotl iwrtlnil 

r molecukt Injrr ; tig, itrntuiu gnuiii- 



^siWe variety in size and form. The celU of Purklnjr. 
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PLATE 17-— CEHtBELLUM, SYMPATIItTIC GaNGUON. 
Fio 1.— Part of « Transver»e Section throui^ a Portioa of 
I the Cerebeltum. x :K> 

The OKiire lihimit the lamiriuiiun iif the wrtbeHnm siul tliediitnln 
tlon At ihr nii'diillolnl nini-IU-TiL 

Twhnk'; Wuikmi.! >i»ut Ua imiliillnf.v t>li<-allv>. 

KpfrriMicp Iptii-m: lig, liliuil-iiwls; Im, loiniiiB mnlnllariii; dleJ 
LnUiim riliFrpum; nig, Klraliim Knl>sll"*<><>>; tif/r, stmtitm grBnaln*mn3 

Fm. 3.~Tranflver5e SccUon thraush a Small Sympattael 
OanRlion. 

Tll<> ptfimrnlli'iii nnd tnkrn trtaa an rxrcntrtl criminal. 

Thr li^^irr- nhiivTB an rntin- hiiwII KuiiKlimi, Hiirnjiiiutt^ hy a . 

nrctivp-llmic' Hhmth, wiih norvcs f.ulcring, from tbc urighliorlund i> 

Uir feiiiliml n^lclr. Tlw puii(lifin.r«>ili', wirrnnniM hy iiuolmioda 

I anil*, IisYi- two and vwa titnv iniclvi. 

Tn^hiiic: Zrnkcr'a wluiion, lli-ninUiK;Iin-«Hiii. 

Kfferpiice l*H*fB: Bdj/, <Viinnxi.iv(*-tii»iiip»hc*ili; (/(, )can|tllon-ce1Ui 
I JIT, entering non-niMjullutnl nerve-filitni in loiigituUluol HtTOtiuna 
"„ non-med Dilated Dcrro-flbfn in cr aw Tctiim- 



Tlii?ir Wlii'i" lir in n ^intrtc Itiver at the iHiuiidary uf ihfl^ 

I graniikr and molwular layers, although really in the liitlcrJ 

' conHlituttDR the layer ui' pnnglwii-ct-lls. Their dciidritt!^! 

generally two in number, branch after (he manner of si 

wall-fruit tree, inhj wr^- fine and clixvly erowdod fibi-rs, T 

which extend through the* entire thiekneiw! of the nioloi'idar ] 

Inyur, 'iftcu rciichinir lo the snrfaw (if tlio c<irtex. At iba j 

I anrfae^ of the convolnlions the dendrite's j)!U*s off from tb« 

' Cf-ll-b'Kly at an acnto angle, but tftward its b:i!-e the nn^le J 

; betoiues gradually more obtuap, until at the rtwt of tbci, 

j cunvobition ihe dendriti-s (wss (nit in almost opposite dir 

tions. Till- ncnnixivt of the cells of Prirkinji: jmis.* tlin 
\ the granular layer, where they give off recurrent tollaterH 
I and, an mcdullnt<^ nervf^fiUTs, \iusa into the inixlulla 
I Babstance, with the fillers of whifli tbej- intt-nningle. 

BeHidex the relb of I^rkinje and tlii-ir branches, tli9a 

molecular layer contains two other iy\w>r of cells, bntwwtt'V 

' whie.h tnincition forinn are said to w-cnr. Tbi-y are know 

aa bmkd w//* and miwll i-wiieiil wlln. Bulb hr- unit* sniuirj 

J miiJti/ioIar/fHnglion-eollfl, The basket wlls have 

mMouraxia, which runs parallel to tile Ujuwum-j Wt-wcKU thai 
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granular and molecular zones at the level at which the 
dendrites of the cells of Purkinje are given off, and forms 
with its end branches a basket-like network around the 
bodies of these cells. The cortical cells found throughout 
the molecular layer are small cells with short dendrites ; it is 
thought that their neuraxes have no relation with the cell- 
bodies of the cells of Purkinje. 

The granular layer contains small ganglion-cells, which 
have large nuclei and small cell-boilies, differing from those 
of other ganglion-cells. They have very little similarity 
to other nerve-cells, but resemble the cells of the inner gran- 
ular layer of the retina. They are multipolar, with few 
dendrites with peculiar claw-like endings. Their neur- 
axes i>ass vertically up into the molecular layer, where 
they undergo a T-shaped division and probably without 
branching run parallel to the surface of the cerebellum, 
passing through the dendrites of the cells of Purkinje. 
Besides the ordinary small granular cells, there are also 
large granular cells, which belong to the nerve-cells of 
type II of Golgi (see page 72). Neither the neuraxes of 
the small cells of the molecular layer nor those of the gran- 
ular layer pass over into medullated nerve-fibers. In 
f iolgi pr(»parations the neuroglia of the cerebellum presents 
the following structure and distribution: Long-rayed as- 
trocytes are found mainly in the white matter, short-rayed 
cells in the granular zone, modified short-rayed cells in 
th(» molecular layer, the cell-bodies being found in the re- 
gion of the bodies of the cells of Purkinje and the pro- 
c«*sses radiating out toward the surface of the cortex. 

While the cerebellar cortex shows throughout exactly 
the same structure, the cerebral cortex has a somewhat dif- 
ferent structure in the different regions ; its structure is 
not so complicated as that of the eerelK»lluin, and alx)ve 
all no distinct layers, visible macroscopically, can be 
recx)gnized. 

In general, the cerebral cortex is characterized by the 
presence of one variety of nervo-ceW, \\\fe -p^vornvV^V q<?\\-. 
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Tlip otlipr gangUon-wlb occurring in the cerebral corh-x 
may be repinled as nioditied pynimldal c«lU, ho that tlie 
cerebrnl cnrt^s, in coatrast lu llic (x-relwUar cortex, omi- 
taiuH but one <^^ficiitially 
olmnuT (eristic variety of Lt-ll. 
The follwwiiin Idj'itb an- 
recc^nlxeil iu the cerebral 
cotU-x : An oHti.-r iiniicculitr 
layer oontaiinug nutneruiiA 
neurogl in r etc 1 1 n' 1 1 1 s, tl i e lay c r 
of tdiiall pyramidal cells, the 
layer ol' liirge jiyraTiudiil 
cells, die layer of poly- 
irt()r|ihi)UH(!<-lls; then follows 
the white matter, coR^iHting ' 
mniiily of «iciliill»l*'d uitvc- 
fibers. 

Tiie iiyramiihil cells have 
three main dL-ndrites, which 
arise from tiie aiiglea of Uie 
pyraniidlil cell-bodiee. The { 
cclUbndy stnnds with its 
loiigaxis vertical to the Bur- 
face of tlie eonvolutinns. ] 
Tlie main dendrite, wliicb 
la at the same time tllc J 
lougcst, nms directly toward I 
the eurfai^ of the wirtex. 
The Uiree dendrites branch I 
freely, but do not extend so ! 
far as thow of thi^ cells of f 
Purkinje, The neuraxis o 
the ])yniiiii<Iul cell arist-s | 
from ilti l>a.*f, giving oil 
eollat^nd^, Mild enntiniics a 
K mcdiiUaleil nerve-fil>er into tU>- white rniilt.'r. The pyr- I 
'iilalii'lL otvut in tj'jiit^l form iu \.he mivUUc Uiyi-r «( thii 
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cerebral cortex and the lar^st (up to 30 // in size) in the 
deeper |>orti()ns of the middle layer. Certain very large 
pyramidal cells, occurring in sjxK^ial regions of the cerebral 
cortex, are known as giant pyramidal wlls. It is customary 
to speak of an outer layer of small pyramidal cells and a 
deeiKT layer of large pyramidal cells, but the transition of 
one layer into the other is gradual. In the outermost layer 
of the cerebral cortex, wliich consists largely of the den- 
drites of the pyramidal cells and neuroglia elements, 
there are only smaller cells resembling nerve-cells, which 
by some observers are also regarded as neuroglia cells. 
In the deepest layer of the cortex, below the large pyr- 
amidal cells, are found again some smaller cells, which 
form a transition from pyramidal cells to irregular mul- 
tipolar cells. The ascending dendrite is esi^ecially poorly 
developed in them, or not developed at all. In addition 
to the nerve-cells mentioned, we find in the cerebral cor- 
tex ganglion-cells of tyixj II (Golgi cells). 

The iien^e-fifjers of the cerebral cortex radiate from the 
medullary substance into the cortex. They are made up 
of the neuraxes of the small and large pyramidal cells, 
fibers of unknown origin which radiate into the cortex 
and end there, and the tangential fil)ers of the cerebral cor- 
tex. The latter run as very fine fibers, partly close under 
the surface of the cerebral convolution in the external 
molecular layer, partly at different levels parallel to the 
surface, and in certain regions as a prominent layer half 
way between the surface and the white substance, forming 
the stripes of Vic d'Azyr or of Gennari. (See Plate* 18.) 

The neurogliar elements of the cerebral cortex present 
no ])eculiarities ; in Golgi preparations the white sub- 
stance contains especially long-rayed astrocytes, and the 
gray substance contains short-rayed cells. 

As in the spinal conl, the hlood-vcsselis o( the brain form 
capillarv networks princii>a11y in the gray substance. The 
choroid j)if\niJ<es of the brain ventricles contain many blcKKl- 
vessels, which are overlaid by cv\Vnca\ ^\)iv\\\^\va5L <is^^&. 
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PLATE i8.— Cerebral Cortex ; Tactile Corpuscle. 

Fig. 1.— Portion of a Section of the Human Ce ^bral Cor- 
tex Vertical to the Surface. X 20. 

The figare shows the cross-section of the entire gray snl)8tance and 
of the adjacent portion of the medullary sulMtanoe. Th nie<lullated 
nerve- fibers are stained. 

Technic : Miiller's flaid. Weigert's stain for medullr ^<iths. 

Reference letters : atf^ External tangential fi))ers ; n tan- 

gential fibers ; Mj medullary substance (white mattei , ; Ji, cortex 
(gray matter). 

Fig. 2.— Longitudinal Section of a Papilla of the Corium 
with Tactile Corpuscle. X 340. 

Preparation from Prof. Kallius, Giittingen. 

Tlie figure shows a papilla of the cerium, without the epidermis, 
with a tactile oorpuaole. The entering nerve with its exti'iisions in 
the corpuscle is stained blue. 

Technic : Intra-vitam methylene-blue stain. Alum-connin. 

Kefcrenoe letters : ii/, Ner>'e-fiber. 



The lattcT are the unvhantjcd remains of the original epi- 
thelium of the neunil eaiial, siiuxi in these j)hie(\s it de- 
velops neither into nerve sul)stan<!e nor into neuroj^lia. The 
cells usually contain yellow ])i^ment (see page 107). The 
lifrnph-veHHclH of the central nervous systcnn are mostly 
])erivaseular and begin \vith pericellular spaces. Larger 
lymj)h-vessels lie under the arachnoid and dura, con- 
stituting the subarachnoid and subdural spaces. 

The membrnacH of the central nervous svstcm are of 
connective tissue, the duni mater (•onsisting of formed 
connective tissue*, the arachnoid and j)ia of looser con- 
nective tissue, containing many blo(Ml-vcssels. 

The hjipophiiHiH is developed from two sources, the floor 
of the thalamencej)hal()n and the oral cctiKlcrm. The 
])osterior or cerebral lobe is continuous with th<' infundib- 
ulum, but contains very little or no nerve tissue; the ante- 
rior, the larger lobe, developed from the oral eet^nlerm, is 



Y\\i. '.\\. — Portion of a vertical stK^tion of Iniinan c nhral orntcx, 

tn-ati-d by the (Jol^ji mcthcMl. > 70. Tlu* tijiurc sliows tin* arran^rr- 

TiH-nt of the ililTtTcnt crlls of tin* cm rcliral cort<'X. ///*, l^iyrr of larj^o 

]ninn)')t]:i\ <«')ls; A/*, layer of small pyramidal cells; pZ^ layer of 

jMjIymiU'pluniH vr.lla. 
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TBE FEltlPHEBAL KERVOVS SYSTEM. 

made ii[i of anuiitoniositig trahciiilte or coluniDS of cells, ; 
of wliicli ure recogniJtwl two varieties, the iliief and the I 
rhromuplille ceils, 

' Now and tlien certain 

I of the trabecnlie pre- 
sent a hiinen and ap- 

t}>ear to have an inter- 
nal aet-retion. A cap- 
illary network is found 
between the trubecula: 

I of cells, aeconipanied 
by a smiiU amount of 
fibrous connective tls- 




Fig. 3&. — Portion of obOT<^ ptexn* I 
from thp lnt(>rnl vuntricle of a tiumiui | 
liraiii, observed m the Tresh mniliti 
< 250. r, Capillarim ; qi, epithelium. I 



The epiphi/ds op 

I pineal gland js devi'l- 
ojied from the roof of 

' the thalamen(*phalon. 

.In the higher verte- 
bnite? it i? a rudimentary stnicture. In it are found closed 
alveoli, lined by a stratified epithelium, often oontiiiniog 
iuittll oiincretionR known as brain sand. It further con- 
tains neuroglia tissue. 



2. THE PERIPHERAL NERVOUS SYSTEM. 

(d) The pcriplii-r.il nerves. Every iwnphenil 
ecmsists of a varying uuiuber of nen-e bwutlfs or nerve 1 
luniculi ; these ore cylindric cordis consisting of groups uf 4 
rnedullated nerve-fibers. The nerve bundles vary greatly J 
in size, even in Uip same cross-section, and each one is sur-9 
rounded by a firm sheath of connective tissue with elastiofl 
fibers, the prriiifurium. From the iKTincnrium pro 
pass into the nerve bundle, known ai* endoneu^ium ; theael 
fiinn an irregular network and ptnendly inclose irregTilarlyl 
nha^ted secomlaiy bundles. Each single nerve-fiber re-J 
I ccives from the endoiieuriuin a deUcal« al\isAV\j\.\.\fea>-*3ywA 
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PLATE ig.— PEHIPHEHA!- NERVES. 

Via. I —Transverse Section ot ■ Human Peripheral Ner\ 

. 27. 

'I'liti nrcpnrnClon wim taki'ii fmni a iniui whn tuul heen p 

Tlw flfjEUtv f^ivMi B iiirturi' ut u (vriplii^rivl iM^rvi' willi iU couiiectllrf 

tlHSUC «hl«l}lK 

Twhnic: Mnllrr'n lluiil. I'irric-aciil aciil-fnoliHin fMvorilli 

RefMfnoc InUcrs : hff, Itlood-vnwpls ; ra, nitlonenritim ; 
iiMirtiim; im. jKinnoiirliiin, 

Flu. a,— Portion ol Pig. 1, under Hlglier MAgniflcatloi 



Kluloneariura : nxi, mrdal 



Ileiili^o JUiril/ar nhrath. In the norvo bundle nearly 
the fibers run in tlie diix^tion of the long axiw of the ner\ 
witli tilt' pxwptiou of ])la<!OH wlinre bnmclifs aiv givwi c 
or communications take place betweon the buDtlleii. " 
lnrjp.'r ncr\'i* iwnsistft of n willwtion of nerve biindk*)), wliiol 
are held tc^lier by loose connective tissue, often contain 
injr liit-ncU)-; this surnnimls the entire nerve and is mild 
the rplnfurinm. The Hvnipathctic nervis have numeiuq 
i)<>n-nifdtilliilf<l iiiTvc-libcrs in mlditioii to tlie varyim 
number of fiiip mwhiUated fibii-s and a few large mwllll 
lali'd filxTM. 

(6) The periplieriil ganglia ; cerebro-iipinal and sympi 
ihetic gatigliit. Thcii- iK-cnr in all gmdiilloiii^ of sixc — tl) 
ficatt^'red pmglion-eells of tile tonffue, adrtnal, etc., t 
^nidl ganglia of the iiiri-btine, and the large complex 
the spinal and hirge eyniiMithctie ganglta. 

The spinal f/mtt/fia and the sensory crunial gitnglia haw 
mainly the lirgr, npUrnetit, unipolar rfanrflion-cflh (at 
|Mge 73). FVi'h of iJieso is siirmunded by a nucleatfl 
coonecttve-tisNue mpsnle or slieiith, whieh is eloaL>1y opplit 
to the oell-lxtdy (ttee Plate 7, Figs. :i— ')). The d'lfsal s 
luiry fp'miil iVN>ts, in ttie eourw' of whieh these ci'lls 
I intvrpolaUii, am luiule up of l\n: lN>i» \«4iiw*.w:a wssvAvaa 



Tiihia. 
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from the division of the single process of the cells ; one of 
these two processes passes to the periphery and the other 
toward tlie center. 

The number of spinal ganglion-cells of the spinal gan- 
glia is, however, much greater than tliat of the sensory root- 
fit>ers which enter. There is in the spinal ganglia a second 
form of celk, the neuraxes of which do not go into the 
dorsal roots, but branch many times so<m after their exit 
fmm the gangliim- cells and end in extracapsular and intra- 
capsular terminal branches which surround the cell-bodies 
of the unipolar cells. Sympathetic nerve-fibers forming 
pl(»xuses are also found in the ganglia. 

The sympathetic ganglia contain unipolar, bipolar, and 
multipolar cells, their elements being often polynuclear. 
The cells of the sym|)athetic ganglia, like those of the 
spinal ganglia, have a nucleated connective-tissue capsule. 
The processes, dendrites as well as neuraxes, pierce this. 
Most of the cells are motor ; their neuraxes pass into the 
non-meduUated nerve-fibers and innervate non-stri|)ed 
muscle and heart muscle ; others are secretory, innerv^ating 
gland-cells. Another form of cell in the sympathetic 
ganglia has very long dendrites, which run into the neigh- 
lx)ring ganglia ; the neuraxis, after proceeding for some 
distance on its course, receives a thin medullary sheath. 
These cells are thought to be sensory sympathetic cells. 
The sympathetic ganglia contain also medullated cerebro- 
spinal fibers, which terminate in intracapsular pericellular 
baskets, and cerebro-spinal sensory fibers, which merely 
pass through the ganglia. 

(c) The nerve-endings. The nerve-endings may be 
separated into motor and sensory nerve-endings. The for- 
mer are found on the terminal branches of medullated 
motor nerve-filK»rs of transversely striated muscle. On 
reaching the nuiscle, me<lullated motor nerve-fil)ers rapidly 
divide into a varj'ing number of small medullated nerve- 
fibers. Each one of these terminal medullated branches, 
on reaching the muscle-fiber which it innervates, loses its 
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Plat£ 2a— Peripheral Ganglia. 

Fio. 1.— IVuisverse Section of the Superior Cervical Qan* 
Sllon of the Human Sympathetic Nervous System. X 98- 

The preparaticm wan t»k(>n from a tnaii who had been executed. 

The tifcare shoMrs a picture of a Byniitathctio ganglion with numer- 
ouB typical Aympathetio oelln, and many darkly stained, but generally 
very flne medu Hated nerve-fiherH. (Ttie numerous ntm-medallated 
nerve-filiers are not visible on account of the low magnification. Com- 
INirc Fig. 2y Plate 17.) 

Technic: M tiller's fluid, staining of me<lullary sheatlis according to 
the Weigert-Pal method. Alum-camiin. 

Reference letters: r/. Fibrous oapHule; gz, gimgl ion-colls; ma, medol- 
latcd nerve-fibers. 

Fio. 2.— Transverse Section through a Spinal Qangllon of 
Man. X 12- 

Tlie preparation was made from tissue fixed two and one-lialf hours 
after death. 

The figure shows the two roots of the spinal c<m\ surrounded by the 
dura mater; the motor filxTs are divided into two lai^ce bundles; those 
of the HonHory n)ot are HitittenKi thn>u^li the ganglion. 

TirhnU- as in Tig. 1. 

Reference lett«M-H: f/m, Dura niut-er; F, fat tuwue; //•«, TiIkts from the 
seuHory rcwts; OZj g»nglion-(x.'lls; rwi, motor r(K)t. 



nKHlullary shwith, wliilo its iiourili'inina hcconu's contin- 
uous with the sjinuJeniniii of the inusch?-fil)er. Tlie 
ncMinixis |)ass<'s un<lor the sarfx»U'innia and ends atler fur- 
ther division in a mass of jxi*Ji>^i>lj»i* san^oplasni known as 
the sole phite or end-disc. In this hiIc phite are found 
ninnerous nuch'i, pn)hahly derive<l fi-om the nuchM of the 
nnisch^tiher. Especially lar^e motor end-plates and motor 
endings are found in the reptilia. 

The Hcnsori/ nerve-endings are divide<l into two main 
groups: (1) The ample cn(fin//s or frt»e i?i»nsory endinp*; 
(2) the 8|)0cial terminal apjKiraJluH or terminal corpuHdeA^ 
known as the en(?jipsuIat<Hl s<.*nsory nerve-(»ndings. I}etwc»en 



Fig. 'M\. — Uninching of a nerve in an nlNloniinal niuH^-h'of a iiioiis(% 
pn'])iir<Ml by gohl ini]»n'gi)ati()n. X 1*2(>. The fiiiure shows tlio motor 
fii{l-j)lat«'S rm tlie innsi-lc-lilHTs ihmUt low niagnilkrution. //<, Miiscle- 
IUmt; in*\ motor end-j)latfs; w. ihtvo. 

Fi^. 157. — Two iimtor ('iui-])lat4's from a must'le of a llwirfl. X '250. 
Till' lijjurt" sliows a .sinalltT ami a larticr motor (Mid-]>lat<'. )m']>anMl by 
uohl iinprr^natitm. «, Knteriii«i nrrve-lilK-i'sj w7«, eml-plalr, with the 
tiTmiual distribution of the nerve. 
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I tlio two iire the sensory nerve-endings in the iieuroniuacii- 
I lar and iionntlentHnous nerve end-firgans, which oecupy ] 
inlerniedintfi pi«ition, in that they show free sensory | 
■ endings on miiscle-filjers and tendon fiiseiculi, the wliole j 
1 being sniroimded by n thin connective-tissue i^apsule. 

The/*'«! )i«iie-CTK/iHy« represent simple tcmiin«l branches J 
I of the nensoty nerves, which either end in a jioint nr show J 



especially in | 
'ilie itccnr- 



I a terminal niHlular enlai^ement ; these 

I efiiliwlia, but also lu fibmuii cunucctl' 

1 peuceofa terminal «rf- 
>jt is doubtful. How 

I widely distributed the 

I e>implc free endings are 

] is at present somewhat 

I difficult to state. The 

I ncr\-e-endings in tlie 

I ducts of all glands are 

1 probably of this va- 

I riety. In many sense 

I oi^ns also (organs of 

I hearing, taste, etc.) 

' tlie nerves spn-rnl out 
in the form of some- 
what miMlifieil, simple 
endings. 

The so-ciilled fadiU 
cdU of the skin form a 

traasition liotween the Bimplc free endings in the cjntJieliiim 
nd the PiMH-taJ terminal eorpusclea or cnca)>sulated endings 

L fiiimd witliout exception in the connective tissue. These 

1 lie in the epidermis and cousi.«t of somewhat enlarged clear 

P epithelial cells to which a flat, saucer-like eidai^ement of 

[ the nerve-fiber is applii.-d, forming the »?o-cidIe<l iactUe 

In Iriie terminal corpuscles the free end of llie nerve- 
I filler may be fonud in & club-shaped mass of a granular 
ksubstance, in some iustauces nucleated, winch by soma 




Fig. 38. — TransversT 9i*liiin of ( 
Gramiiy'a cor[iiiscl«8 (roiii tJie lon)i;iie (it 
a ditck. X 4^, iiav ttl Wk oorpuMleH 
riiowa two and tlu^ oUier lanr toutile 
veils. nn, Mediillated nerve- libers, 
t^ntfrinK the corpuncle ; T^A, tactile 
discs; n, tactile ocIIh. 
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MAcfian; a^ hwi i — " • 




cfcBer % 'ci» is icpudeil aa BearoiiUnB, am) which k sur- 
niiiBded bv a eniBectire-tifvue ahatb, mi- in ih<- eiKap^al- 
ated laaiellar oirpuwrles or <riKl4»ul)*- ; or tlM> tx n'^nKn- 
at ib*4r trtKli! luav Junr plate^likir tt^nuiiiati<<ii-. wi.i-.-h 
are found bdwem pemliar epiilM-lkiiil 4->.iiiiK<:tivt.~ii-~u« 
evlLi (arrffrdii^ lo Etjine aullMi^ c)>ith<-Iul olU . a.- in 
Grand n-'s oor^MiscIcs. In man, only ilie fi>nuer ar>- l'-4irxi 
fSraudnft forpwtrin »i^ <-s)if<-iaJlr fn^ucnt in t)iv bil! 
and uii^nw '^ waler binl-f. Tln-y i-i^^Ul of two or nx-rv 
lar]^, flattenwl, trplierical or Iit-iui-^jilf -ri'-nl )irut'>|>]a-iijic 
oell«. Between the cfrlUu found tbt- ti-rminal dUtril.>utK>n 
of a medullaUnI ner\'<.-filA-r iu the fvmi of a dW. Iik«^ <-x- 
I«ini>ionB of die axLt cj'linden!. Hie numlier of tactiU- 
dii«^ u tliercfore alwars kse tlian llie nunilM-r of ttie tt-Il^-. 
(irandn'*a corpuMrlcs posi^etieing only twucell^ arv found ; 
iy(r|»UB(;I(ai havinff f<jur i.nd e%'cn ni<>re vt:W< an-, hoMwer, 
alrxt invt with. 

Till; largt^'t and best devt-litpt-d luni'^llar c>>rim^li-s of 
tin- liiiman Uidyan? tht Vtilrr-l'nrinmn eorpuja-t,^, Tl»-y 
an* lound iiriiK-Ipally i- the I'ulx'UtaiK-oU!' (at li-.-ue nf iln: 
vula manu-', of tlie fii ,tr, and of tlie solo ot' tlie fi-'t; 
a\'^> on ami in teii'loii"- ml lilinms -rlii-atli- of hhimIi-, in 
tlie |jeri<»sN-iim, in tlie ttrHiieriloiK-al n"ii<>n sni'i nit«t-n- 
('-rv, and in ilie r-<«ineiive ti?^.-ii4- surroiindiiii; luni" art'-r- 
itw and veiDB. Tlii-y re ee^tecially targe and iiuiuer< -us in 
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the mesentery and mcsorectiim of the cat They are 
visible macroscopically, being two and even four milli- 
meters in diameter. The medullated nerve-fiber enters 
the corpuscles and becomes non-medu Hated at the boun- 
dary of the inner and outer layers of the corpuscle. The 
axis cylinder then runs within a club-shai^ed, granular, 
protoplasmic mass, the so-called inner core, through the 
axis of the coqniscle, to end in one or several knob-like 
enlargements. In its course through the core the axis 
cylinder gives off numerous short side branches. The 
core, with the central axis cylinder, is surrounded by con- 
centric connective-tissue sheaths or capsules, which are 
rich in elastic fibers and have rows of nuclei between 
them. In the neighborhood of the core the lamellae are. 
thin, but toward the periphery they are considerably 
thicker. 

The Herbst corpuscles of birds are very similar to the 
Vater-Pacinian corpuscles; they are, however, much 
smaller and show at the outer surface of the core a single 
or double row of nuclei, outside of which are seen several 
slightly wavy, non-nucleated lamella resembling elastic 
tissue, and external to the^e a few not very well developed 
connective-tissue sheaths with few nuclei. 

The spherical end-bulbs of the conjunctiva, Meissner's 
corpuscles, and the genital corpuscles and similar nerve- 
endings form a distinct group, possessing a relatively thin 
connective-tissue capsule surrounding a semi-fluid granu- 
lar substance which we may designate as the core. One 
or several medullated nerve-fibers enter each corpuscle, 
and, after losing their medullary sheaths, undergo repeated 
division, forming numerous varicose branches, which are 
variously interwoven and intertwined. In Plate 18, Fig. 
2, is shown a Meissner's corpuscle, seen in longitudinal 
section. 

The nerves of the neuromuscular and neurotendinous 
spindles branch several times before reaching their respec- 
tive spindles and, while still medullated, pass through the 
8 
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ui)>sulv und uxiiil shonth. The tno<liil]ury slieath ts Wt 
within the axial shi'iilh. Id the fiirmcr, llic tmketl uxU 
(■yliiiiliTS pml partly in ringti or spinils iiinl jiartly in 
branched, flower-like endings, which surround the inlm- 
I'lisiil iTiuscle-lilKTs ill the eiguuloriul region of tho epindle. 
Ill the latt*T, tlio iiukiii axis oyliudere, aticT branehiiiK 
Hi-vcnd times, run iilonj; thi- intrafusal tvndon fiiscicnii, J 
{jive off unmeniUB side branches, which end in trregularj 
discf, which jNirlly MiclaiHp tlic U'lidun fa.-<!i<;ult. 



IV. BLOOD AND LYMPH VASCULAR SYSTEM. 

Under the bl'Kxl and lymph viisenlar system wc filinll 
confiider tlie hfart and hiood-vefweU, the lymph-vessels 
lyinph-gliinds and smaller lymphatic striietii res, and 1" 
spleen and thymus. 

The heart is an enlarged and differentijilly develop* 
portion of the blood vascular system. In it arc distin- 
ffiiii^hed the following three livyere: The inner, the endo- 
cardium; the middle, the myocardhira; and the external^ 
ejiiairdium (ace Piute 16, Fig. 2). 

The cndocardltitn consists of a layer of endothelial c 
(si-e (B»ge 42) benoith which is foun<i a relatively thick layel 
of fibro-elastie tissue, tile elastic tissue being here and therq 
arranged in tlie form of elastic plates. Smooth tnusolsi! 
fibers are now and then found in the cndoeardium. Th* 
m^xiartlium consists of transvcrHi'ly striiiti-d hiairt muacle 
which occurs in several layers of complicated arrangemc 
and in general takes Its origin from tho nnuuli tibrosi 
the region nf the atrio-veutricnlar btirders. 

IVirimyainI sheaths of connective lisKiie envelop the faM 
ciculi of heart muscle, tlie finest strands of which i 
round the single cMS8-strii>«l fibers. This connective ti»- 

e serves an the <'arrier of ihe nerves and bl owl -vessels of 

3 heart muscle, and in all •nsential [Hiiiils conducts it 

stas inordinary crose-stript-il i^keletal muscle (see I 
I S^ Fig. 3). 
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The epicardiumf the visceral layer of the serous pericar- 
dium, consists of connective tissue, beneath which occurs 
the subpericardial adipose tissue. It is covered by a sin- 
gle layer of flattened mesothelial cells. The heart receives 
its nerve-supply fnwn both the sympathetic and cerebro- 
spinal nervous system. The sensory endings are found in 
the epicardiura and pericardium. The heart muscle re- 
ceives its inner\'ation from sympathetic neurones, the cell- 
Ixxlies of the majority of which are situated in ganglia 
found in the heart ; others are in ganglia of the cervical 
sym|)athetic. White rami, branches of the upper dorsal 
nerves, end in these ganglia. 

Like the interior of the heart, all the blood-yessels 
are lined by a single layer of flattened endothelial cells. 
The smallest vessels, the capiUarieSy consist of an endothe- 
lial tube ; rarely, in the largest capillaries, some connec- 
tive-tissue cells of the neighborhood are joined to the wall, 
forming an adventitia capillaris. 

In the capillaries of certain tissues, the cell boundaries 
disappear, forming a syncitial endothelial tube, as for in- 
stance in the glomerular capillaries of the human kidney. 
The form of the endotheliid cells is elongated, often very 
long, especially so in many veins ; there are no essential 
and characteristic differences in tlie structure and shajie of 
endothelial cells in tlie different portions of the vascular 
system. The cell boundaries are best brought out by 
treatment with silver nitrate, and consist of serrated lines. 
Outside of the endothelial tube the arteries and veins pos- 
sess a number of sheaths or membranes, M'hich consist of 
connective tissue, elastic tissue, and sm(K)tli muscle. These 
three kinds of tir^^sue arc distributed in the vessel walls in 
a manner varying not only in veins and arteries, but also 
according to the size and caliber of the vessels concerned, 
and in veins according to other considerations. 

Although, according to more n^jent investigations, the 
division of the vessel wall into three lavers — namelv, the 
tunica intinia, media, and adventitia — cannot be strictly 
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muintnin«], iind ia fvoii to a irrtnin extent irratioual, 
rctaia the old clHHsiUctitioti un accuimt of convoiiitsiioa 
ik'sciijition. 

In tlic Btruetiire of atteiieB we nuist ilietint^ileli li 
arteries, as the norta ami it^ dirwit hranclics, med: 
ins, from tlie bmcliial to l\w. (liK'tuI, and ^iiuill artcriw^ 
from branches of the distal to tlio |)ric!i]iillary artcrk-s. 
It is mainly in themciw, ihostriKliir.' of wliiili in depend- 
ent on the calilep of the urteric-, that the ^'lnldtlnll di" 
ciifcs nri' riiunifi-sti-d, since in the media of the larger 
hcIh the clustie elements predominate over the miisci 
whih- in that of the t-inaller jirlenes the elastic elemi 
are almost i'ntir(.'lj' wuiitiiiy. 



'm 




*• «iliil.ion. ■- 'ilTi. 
lial tnU.'. Rusidut thi: nnoivi, n« wc the cell buumlonn, blaokMJ 
by the silrer rcnotiiin. 

The media of the fnnatkd jm>«ipillary arteries eonsi 
only of cimnlarly arran^iil sttioolh miisele-fiherH in fn 
one to thriie layers; in arteries [^lightly lar^rer, but stUI J 
very small caliber, as for iiiHtanee in liraneheft of the (J 
IhI art^rica, fine eliu^tic fibers an- foimd in the media, 
liifjier the artery, the grtater is the relative mimberil 
eliLilic elements ; however, the inmdier of elastic; elemq 
diiei not in all arteries inercase in pro|K(iiiijii to the dccre 
in (he miiscninr tisstie. The elastic ilim.nts i.f the nie« 
of me<lian arteriPB are quite nniformly di>lribiilcd in I 
Ibrm of tiller and entir^'r fibers iK'twcen the inu.sele-fibers 
of the media, and like tlieHo are eirciUurly arranged. Xo 
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the larger of the median arteries, as the carotid, subcla- 
vian, iliac, the elastic tissue begins to be more prominent in 
the media, and at tlie same time ehu^tic plufes or fenestrated 
membranes occur in place of the elastic fibers ; these also 
ar^for the most part arranged circularly. In the aorta the 
musculature becomes unimportant in contrast to the elastic 
plates, which occur in many layers and make up almost 
the entire thickness of the media. 

The intima shows less marked changes in relation to the 
caliber of the arteries. At the border of intima and media, 
all arteries of every caliber present wavy, elastic plates, very 
distinct and marked in the smallest arteries, the so-called 
elastic intima. In the aorta the elastic intima is no longer 
conspicuous, because the entire media is filled with similar 
ehistic plates. In the smallest arteries this alone repre- 
sents the intima, the endothelium resting directly ujx)n it 
In the larger arteries, in the small and especially in the 
medium-sized arteries, there is found a layer of suben- 
dothelial connective tissue, consisting of fibrous and elastic 
connective tissue and connective-tissue cells. 

The tunica externa or adventitia of the arteries is formed 
of loose connective tissue with elastic fibers and rarely also 
smooth muscle. The smooth muscle cells are always lack- 
ing in the large and small arteries, occurring occasionally 
in some median arteries, but then only in the form of 
sparsely distributed longitudinal bundles. In general the 
adventitia of the arteries of the human being is free from 
muscle. In certiiin mammals it is generally present; in 
the aorta of cattle, for instance, it occurs as compact, longi- 
tudinally arranged bundles. The adventitia is in general 
thicker, the greater the caliber of the artery. The elastic 
elements appear in the main in the form of longitudinal 
fil)ers, which are f(?w and fine in the smaller arteries, more 
abundant and larger in the me<lium-sized arteries, in which 
they occasionally form an elastica externa, and are espe- 
cially well developed in the largest arteries, like the aorta 
and its main branches. The adventitia of the latter and 



lift HLOon A.yti LVMPH VASrVI.AK sySTf3f. 

PLATE 21. -ARTETdPS. 

Fin. 1.— Part of a Cross-aectlon of a Human Thttra 
Aorta, y lo. 

The prepurat ioii wiw tuk<?ii trurii oiii< who liiul bveii e^M'Ul^. 

The flgurn dhows in the niuiu tlic nloatiu bImiipd(8 of tbc 
wall. ThK nmnniilalnro lying in tiic 
platai of the ukhlIui to out Ht^iiietl. 

Teohnic : Miilli-r'a iluiJ. Orwiii. 

Ki<rfrfnoi< li'lti'rn: /, Tniilm intlnm; il, t.iinlcn niixlla, 
liinny I'lnsliv iilnteii; d, tuliiiti tixl«nln tulveiil.illM. will) vofa v> 

Ftii. 2.~Part of a CrOH-RKtlon of tho Hunuti / 
Radlalls. x IT"). 

The prppnmtion wus biki^ii from (inauoB ftxed two uiul t 
houm atM-r tlroth. 

Thp filZiim iJiows the Uminntion of thf Brtory wall. Tho el 
layFTB are stniiipd ilark ml viith otcuiii; tlje i«Il nuclei. vN| 
thoK of the ninulnr iniuclo uf the mnlin and thnw of the e 
iJAl wMh, blue with hcniahixylin. 

Trctiniu: Zenker's nolation. Otcein-Ueumtoxyliu. 

lififori'iif* letl^rs; it, Hmnll artrry of the nrtventitin; A, 
iwlventitia; rli. Inmiua elonlint Intenut; J, taniou intinia vr 
cndothGliDin; M, tunica mnlin, lonniiiK toward the advoutitia a 
orBtasticatMUrnui; rv, ' 



of iu main branches conlainei a well-developed nelw 
of fiber Btrnii(!(i of liiiifnliiilitiiil course. 

Only a few iirt<-Ti<"i, like th« arteries tif the hniin, t 
inner elnstif ett-ninih uf rt bit-li are stn»ii(j1y and ihe <i 
weakly developed, viiry from this type, 

The veins are much more difficult tn classify t 
nrteriefl, since the thi(;kn«ss ami striii-tiirc of their i 
d'-pi-iul, mil hIoiiu mi the <^lihcr, but abn on other fant 
such as tlie jxjsition of the vessels — for example the vd 
found ill the cxtremilicn, in the fikin, in the abdomen,g 
in tJie head. The veins of tlic iilxlomen luid of the 
jHtssesfl Very littlo mnBcIe, while the vein?* of tho skin c 
tuiu n relatively hirge amount of tnu'W.'le, so that t* 
walls are scarcely tliiuner than those of tlie arteries 
Biinie ciiUlxT — for instance the nrlerics which ftecomjia 
them. In other places the veins hnve much thinner v 
thaii the acei>nip(inying Hrleriiw. Il may therefore 1 
seen that veins of the «ime cjdiher may show very diff! 
ent structure uiitl wry diflvrent ihii'kucss of walU, 
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111 general the veins contain fewer elastic elements than 
the arteries, and the media is relatively poor in muscle 
even in veins which contain much muscle, while in other 
veins it is scarcely demonstrable ; on tlie other hand, the 
adventitia of the skin veins especially contains a consider- 
able quantity of muscle. 

The inthna of the veins consists mostly of fibrous con- 
nective tissue and contains only a few elastic fibers. It 
also forms the valves of the veins. On the borders of the 
meilia, or even within the intinia, the elastic elements of 
the intima collect into an elastica interna, which, however, 
is not so well defined as in the arteries, nor has it the 
wavy course, nor does it occur in all veins. 

The media of veins, in so far as it may be differenti- 
ated, contains the same elements as that of arteries, con- 
sisting of circularly arranged muscle-fibers and elastic 
fibers or networks; but it also contains some connective 
tissue, so that tlie muscle appears less compact. Only the 
media of the muscular veins, however, is constructed in 
this way ; in others, it is either very much reduced or 
entirely lacking, as in the veins of the aWoinen and head. 
The adcenlUia of most veins contains longitHdinal muJtcle. 
In muscular veins this lies in large, compact bundles 
between networks of longitudinal elastic fibers. 

The 1)1 (xxl- vessels, at least the large and median arter- 
ies and veins, but never the small ones and capillaries, 
contain blood-vessels in their own walls, known as vasa 
vasorum. These are to be found mostly in the adventitia, 
l)ut in the very large vessels, as the aortii, we find that 
capillaries extend also into the external layers of the 
media, while the externa contains the small nutrient 
arteries and veins. 

The nerve-fihcrH of the blood-vessels are in part non- 
niedullated sympathetic fil)ers for the muscle coats ; others 
are medullated, sensory filxjrs, which are in part distrib- 
uted in the intima, the majority, however, terminating in 
the externa. 
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PLATE 2a.— BLOOD-VESSELS.* 
Fia. I.— Cnus-Mctlon of ■ Muscular Vein of the Pamplnk 
form Plexus. X 50. 

The pn-pamtion wm token from a mun who hwl bcM:n executed. 
The li|iun> HhdWH b cruw^retinn of a vein with l»iiftitiii)iiuU inuwle 
in the ailventitia. Tlie elaxlio tintue ia ntainrd dark vinleL 

TMihnio: Zuuker'i lolulion. Welgm'aeliuitictiMHueHtaiii. Alnm- 

Kcferenoe k'ttCTn: A, Tunico cxtomrv nr nilvmtitin ; J. tnnica in- 
tJDiB ; M, tunka media witli oirciihir iiiuxculutiiiT ; Im, luiijcitudiiial 
miuwio at the odventitui ; ft, vmu viMoriitii, DiTiiiiig them t> very niiAll 
artery o[ the cnliber ot tltat in Fip;. 4, 

Fiu. !i. —Transverse Section of ■ Larger Branch of the Inter- 
n«l Spermatic Artery from the Spermatic Cord. X %• 

Tlie preparation was token from a man who hiul been executed. 

Tl>e Utcutv hIiowii a tjpical picture ot a small iiiiflian artery. The 
medin eontainit fmioutli muaole wid very tew eliutio liben. 

Tn'liiuo no in Fiif. t- 

l(.f>-irtni>lftt<',r!<: .1. TiiiuTOoiivpiiliMu ; li, ImiiinnHiiwiica iiilr'nm; 
rn, riKtiulii'liiiiu • J, intiniik ; .17, nuilia. 

I-'ki. ; I. —Transverse Section of a Small Branch of the Inter- 
nti Spermatic Artery from the Spermatic Cord. >: 2-Jtl. 

Till' I'liiun: nhiiu'H thi' cm«-Hceti(>u ul a hiiiuII nrti-ry. Tlie hitiiiia is 
niluiHfl Id ihe i-ndotiiuliuiii niid the el(wti<si ititt-nia ; llic lurtiin cuii- 
aiHtfl altivwl cutin'l.v of inuxele ; tlien ia B dintiiiet chiBtiut exteriui. 

Tix^liiiic iiM in Fiits. 1 and 'J. 

Itili'i-i'iin- h'tlcra OH in Fin*. 1 and 2; ff, liiitiina i>laiitii:a exlernn. 

Kki. t,— Cross-section of a Very Small Artery (PrecaplU 
lary) from the Corlum. 

Tlie lijiiiTv nhciivn tlie pictiiri' <if u vfry miiall nrtcry. Tin- media 

Tu'liiuc' iini") It'tl^iriiij; iw in Vigrt. l-:t. 



Tlio fi/inph-irim'tH arc in n\\ CHxcntiulB likn the bl'HHl- 
vcHwls ill stnictiiR', ex<'C|it tliitt even tlicIarKi'nt liavt; (inly 
viTj- tliiii iiiiisciilar wallM. Tiic lyiiipli ("j|iil!iiri«8 prolia- 
tily coiiiuM-t with sjKKH'ij in tlio tissiur In sndi a. wiiy tliut 
tlio luUiT rt'iiiTwut tlic ratliolfri of tlio lyinpli-ves.-urls, a» 
lor inst;uii-(! the iM-rici'lhilar spai-w. 

Lymphoid tissue may hv divide*! intii two clasK-H, 
natiu'lv : (I) True ivm|ih^daii(ls, sitnatcd in tlie deeper 
L-o.ineelive lissiic; (2) lyin).!! iiodnlex .ir folliele^, whieh 

' hi the r(-i)nxliii'li(ni llu' n-d-»tiiiii'-d iiiii«;Iu iiuoliri iw ri'iireavuttd 

too Iiiriii; ft«jB-.-iiiliv in \%. X. 
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are sitiiatod (Uroetly imder or in the mucous membranes 
and in intimate relation with their epithelial coverings. 

The Ijpnph-r/lands lie in the connective tissue and are 
genendly Ixjan- or kidney-sha|>ed binlies of different sizes. 
The afferent lymph-veSa^^els enter the gland through the 
convex border, while the efferent vessels leave through 
the hilum ; through tlie latter the nutrient bhod-V€i<HeU 
also enter. The lymph-glands are surroundcn] by a con- 
nective-tissue capsule which occasionally contains sm(K)th 
muscle-fibers. It sends into the interior of the gland 
processes, known as trabccii/wy which branch and anas- 
tomosis In the anastomosing compartments formed by 
these trabecuhc there is found a reticular connective tis- 
sue which is connecte<l with the trabecule (see page 43), 
and which forms the stmma of the gland, while the par- 
enchyma is represented by lymph-cells (see page 53). The 
parenchyma is so arranged that we can distinguish in 
lymph-glands a medullary and a cortical substance. 

The corthnl suhf<{ffncc of lymph-glands, situated mainly 
on the convex surface of the gland, contains between the 
trabeculie a number of spherical Ixxlies, the lymph-nodes 
or follicles, or the secondai^ nodes of lymph-glands. Their 
number varies acconling to the size of the organ. Occa- 
sionally neighboring follicles are connected. 

The fo/lirlat of lymph-glands consist of lymph-cells 
(see page 57), which are densely arranged at the periphery, 
while in the center there is a clmrer zone, the so-called 
f/enn cader. In the latter the lymph-cells are larger and 
show distinct signs of proliferation by karyokinesis. 
Around the germ center the lymph-cells are more densely 
packed and are often arranged in quite regular concentric 
rows; the reticulum of the node is extremely fine and 
delicate. 

Aside from the reticular connective tissue, the medul- 
lar\' substance of lymph-glands is composed of irregularly 
arranged anastomosing strands of lymph tissue, known as 
the medid/ary cords of lymph-glands. TVvvife^ Qt\^\\^^fc 
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PLATE j^.—LYMPH-GLAND, SPLbtN. 
Fin. ].— Transverse Section of a Hunun Cervical Lymph- 
gUnd. A 1^. 

Tbt prFpnmtiiiii wm taken trom n man who tuul liocn eK'cuIttl. 

The ngnn' bIiowb the gcncml Htructiirr ot > lyini)li-gIitiHl. 

TMliniu; SabliiiuiM^ Mpniatiuxylin-eOBia. 

RcriTcnor letters: bg, Blood-vnwlc; ■/, flbrntn cupniilc; ff, liiliin; 
A'«. prm cenWr; ft/, l;'n>|ih-nndrH; «-, onrt<ml Biilwlaiice; «m, inntul' 
likry HUlHttuiii-; Ir, lr»l>tvulu.'; via, silFrFiit iyiii]i1i-va«t'lA; Wr, elTRtnni 
lymph- viwitIei 

Kin, 3.— Portion of an Injected Spleen of a Rabbit. :< 38. 

The i)rt'|iiinilLijri wsa tukirn from Ihf uuvtorial of the Inrtitute Im 
ComjiDrntivt Auubimy, WitiYtwrii;. 

Tlie arterial truriktt of tbv lynipli-tiodra (Itlulpiicliiiui nirpiimtm) lae 
inJMlnl nd, tlie vtins aimI Hjilevu huiiuvs bine, 

Koft'Tomv' If^tltin; u, ArtrriM of Mnlpl)!:hinii enrpiiitrlr'; Jfjtn, Mnl- 
plghuiu onriiuiKlr; p, splecu pulp, 

from the corticul mibjittancL', iu wliicli tlicy iirt- vomiri^tcd 
wil' tlid folticles, mid partif thmugh the entire medullary 
flubstjtnce, Jn tli<ao there are mi germ renter!*. Ik-twwr 
the medullary eoi-ds are spaceii, the so-called lymph sinuses, 
which are i-nlurpwl lymph sp«(»9 inlcrpuluU'd in (lie lyitipli 
curn-Dt. The lymph simines are irregular aud imperfectly 
buumliil s[ia(vs, tnivrrsi-d liytjuile Inrgetrahi-cuiajof retiii- 
ular tisauf, to that they have no special wall. Similai 
siiiilM's iire fmiiid between the eurtical IVillicloa and tlit 
traheciiliE and capule. Lymph-vessels or {^pillarieK dd 
not penetrate tlie cortical foliiekfi. 

The lymph -glands arc rich in blood-ivime/ii, tho capil- 
laries of \thieh ari; dixtrilmtcd iu the medullary cords ni^ 
well as in the eorlical follit-l.-s. 

Mtilultated anil non-iiKflu Hated nerven reach the lymph- 
glands; the former are no doubt sensory, although theii 
mode of ending lian not lieen fully determined; the non- 
mednllated libers are di-stinetl for the non-striated mnwic 
in the eap^nle ami the vessels. 

The li/viiih Tinilu/ni or ftilhvlfii appear in two forms: (IJ 
As so-called »i)liiary JoUicfm (nodiili lymphatid eolitatii), 
aini (2) as at/mhirdnl fiillU-U*. Tlie former are widely ilis- 
trihutvd In mucoub uieiiAiniueh, vc\\\V:^ \\w XaVVsi \'«'^^ w 
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Peyer's patches or the agminated glands and in the tonsils. 
In structure they are in the main like the cortical follicles 
of lymph-glands; they show no medullary cords nor lymph 
sinuses and also no connective-tissue capsule; they often 
contain, however, germ centers. The solitary follicles and 
agminated glands are connected witli lymph-vessels through 
lymph spaces or imperfectly developed lymph sinuses sur- 
rounding them and are in intimate relation with the super- 
ficial epithelium (see page 139). These structures will be 
considered more fully in the description of the digestive 
tract 

It is very probable that the smallest of these structures 
are not permanent, but continually form and disappear. 
We see, therefore, all transition stages from diffuse lym- 
phatic tissue (see page 53) and a distinctly circumscribed 
collection of lymph-cells to the fully developed lymph- 
node with germ center. 

The Ilemolymph Glands. — Certain lymph-glands, known 
as hemolymph glands, are characterized by the presence 
of blood sinuses and present structural peculiarities, 
necessitating a separate description. Hemolymph glands 
are numerous in the retroperitoneal region and are also 
found in the prevertebral region of the thorax and neck. 
As has been shown by Warthin, these glands may be 
divided into two distinct types, to which he has given the 
names of splenolymph and marrow-lymph glands, although 
transitional forms between these two types are met with, 
as also between lympli-glands and hemolymph glands. 
The splenolymph glands resemble in structure the spleen. 
Fhey i)ossess relatively thick fibro-elastic capsules contain- 
ing now and then non-striated muscle tissue. Beneath 
tlie capsule is found a wcll-develo])od blood sinus, which 
now and then surrounds the gland tissue, and from which 
anastomosing sinuses penetrate the gland and separate the 
lymphoid tissue into irregularly shaped masses. The 
lymphoid tissue resembles that found in lymph-glands. 
The marrow-lymph glands arc not so ivvxtcvexwxa ^& '^^ 



■24 HLoon AXD i.ystpn vasci'lar system. 
Plate 14.— Splben. 

Fm. 1 —Portion of Section of Human Spleen. -' li 

Thf |iri'|«ratioii wna tiiki-n fniiii urn' wliu liiul \yf-ii pKriilc 
Till' li^iiiii' uiv,-- a Kiiy.-ml virw nf llu- -IriM'liirr of uplm'n. 



I'lu. J. Lnis^-^Ckiiun ui Aluipi^lijan Corpuscle of Hum 
Spleen, y. UK). 

Tochoio and lettering hb In FSg. 1. 



splenolympli glands, They }io»(iC!Ss a thin fibroiia eapei 
wmtaiiiiii^ liuli! clamtio or miitiolK ti^iic. Th« li' 
siousea art' not iw wdl dcvi'lopotL In tlic lyinplii 
tifwue tlif p<wino|)liiKrtiri and baeophilc poIIh an' m( 
nnnii'nxiii thiin in llu- uthtr tvi>o. Litrgi) ct'llit »iinilar 
lliii,-t' foiMiil ill Ume-marrow are n<iw and thfn met 
as wdl aH vvUn iMintiiiniiiK fntj^niciits nf i-ryllinievlia. 
TUf spleen in Kurronndcd hy a firm filjroua caj 
ci>n^i>tiTi)r i>r fihr<M-lii.-^lio ciiunocUve tissue and contain! 
a low iiiiii-striutiil niu(!cl<!-filK'rs, and is covered by 
tK^ritoni^nin. Tlie capsule sont\a into ilic gland niimci 
tnibcetiliG of similar stnuitiirp, wliicli branch and nnuBl 
mnse to ftirni the framework of the gland. The vess 
of the spleen, and csix-oially ll^c veins, iin- aswK'iatid witl 
tllifl framework. Professor V. P. Mall has rceiiilly t-li-iWD 
that the tnihwrnlnr and vasonlar syati'nw tutrother itiilltiic 
maflses of spleen tis^^iie, iil)0iit I mm, in tii^r, to wliieli the 
nanic of spleen lobnlo has been jiiven. Eaeh lolmle ia 
bonnded by three main traheeidii;, known iw iiiterlnbiilur 
trabecular, wliich are (mrta of the general trabeenlar sys- 
tem of tlip spleen ; t'nun each of (host! arise 'aroe intra- 
lobular tralweiilie whieh by anastomtwis form an intra- 
lobular framework, dividing th«^ lobule into nlKiut ten 
smaller compartments. These comjxirtment* arc oi«upi " 
by ti oelliihir tissue known as itplem jiiilp, arranged in 
form of auastomosing eolnmna or eordw, li.iowii as p 
eorda and coD.-ii(<ting of a ftXiTuus ti;\\tvi»w\) t^iai^lm'^ ft 
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the further division of the tnil)ooiilar system, in the 
meshes of whicli are found the spleen cells. lJetwt>en the 
pulp cords there is found an anastomosing system of 
venous spaces. A terminal branch of the splenic artery 
enters at one end of the lobule and, passing up the center, 
gives oif branches to the spleen pulp in each of the com- 
partments. In each com|>Jirtment this arterial branch 
divider re|>eatedly, the terminal branches coursing in the 
pulp cords and giving off numerous small branche^s, which 
expand to form the ampullse of Thoma ; these are only 
|>artly lincil by endothelial cells, the wall of the remain- 
ing |>orti<m Wing forme<l by the reticulum of the spleen 
pulp. The ampulla; of Thoma are in communication with 
the venous spaces Ix^tween the pulp cords. These venous 
spaces are the beginnings of the intralobular veins, which 
in turn empty into the interlobular veins associated with 
the interlobular trabeculte. Thnnighout tlie spleen the 
veins are found in the tral)ecula>, through which they 
leave the spleen at tlie hilum. The branches of the 
splenic artery enter the spleen at the hilum and for a dis- 
tance are found in the trabecula? ; after leaving the tra- 
beculce the arterial branches divide repeatedly, forming a 
large numl)er of tuft-like arterioles. Soim after leaving 
the tnibeculie, the adventitia of the arterial branches 
assumes the chara(*ter of lymphoid tissue, whi(»h is here 
and there increased to form tnie lymph follicles with germ 
centers. These are the spleen nodidea or follicl(*s, or the 
Malpighian corpuscles, and in them the artery has gener- 
ally an excentric position. Between the trabeculje and 
Malpighian corpuscles is observed the spleen pulp. The 
larger vessels, especially the veins, are found in the tra- 
becuhe. 

In the meshes of the reticulum of the spleen pulp are 
found red bl(K)d-cells with now and then nucleatiHl forms, 
the various kinds of lympho(»ytes and leukocytes, and 
espcH^ially a relatively larger proportion of mononuclear 
leukocytes ; large mononuck^ar cells containing red bliKKl- 
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iiiO m.oon ASH LYMfH yAswi^n .s}\sn:ai. 

PLATE as.-THVMUS. 

Pki, I — Pottloti of K Cross-section of the Thymus OJi 
of a Fourteen -month -old Child, x 2ti. 

'Div I'lpiK- hIii>wh a ufX-Tiil view of tlii> tliyiiiu^ will) iU loliukie 
ounncoliJigcunls. 

Tiiofanio ; Miillcj's lliiid. Aliiru-caniilii. 

(tefenMUw lettiTH: bg, ISJifHl-viiweU ; cH, Hnfml'it (MiriuiMilm ; /M, 
thymus lobnlrs ; m»lr, oiwlullury ronis ; nc, uortwjil iiuIhUuoc ; nm. 
ronlDllory snlwlAiin'. 

Flo. 3.— HassAl's Corpuscles from the Thymus of an Adult 
X -220. 

Th« )ic«p»nition wm taken from n twunty-two-ymr-oli) r 
bud bren exivutnl. 

Within the still wi'11-<kvplopoil Ihymiis tissue Iho flgtL 
HmmiI's our|iuw<lM with thi> wlis in |«rt niiolvaU"!. 

Tcobnic : Sleuker'a Milation. itiTmat»iyliii-(Hwin. 

Retereuce lettem : i'(, Epithirliiil nuolsi ; JIK, lIuHwI's oorpiudli 
tc, leukocytes ; It, lymphoid liwuu. 



corpuscle)! occur; tliese cells are oAcn pigmented, nnd 
cariiivom ure xcoii larjf^ pulvniiclear giaut-cclla, similar 
tliusc f<)uiid in the bonu-inan\>w'. 

There are but few lymfih-ceiatelit in the spleen. AfTerC 
lympli-vt«sels are cutirelv lacking ; eflerent lympli-veea 
occur, but jMiur llieir Iviuph into tlie Kpfenic gtiiUMeit, wl 
arc thcref-i-e filled witli Id-uxl ivnd lymiili. 

The spleen ctmtains numerous non-jiuviuflfded 
wliieh enter at the liiUim in tlic form of ^nuill trunlut ai 
tire no doubt vajseular ner\'e(i, A few nicduUutod nerv 
fibers, probably scunory nerves, have aL-w l>een traced lo 
tlic s])lcen. 

The thymas is a lymphoid nrtpm, which is at first ep 
tltelial imd rejinv^'uts a typirid frlund. In the cuurM- 
development lymph-cells tjike tbo place of the glandut 
epithelium, which degenerates, with the exwption of si 
epithcUal remiiins. In this way an organ Heveloj)ft, 
jHiroirhi/uin of wliieli is forrnetl by It/r/ijihoid crlU rw in 
lymph-plands and spWn, the form of an eplthelisl gl 
Wiuj^, however, rttaiuwl. 

Con nwdvo-t issue fraWcula! sL-punite a number of larg 
lobes from each other, wliicli are cocuiected by solid oor 
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of cells, the so-called medvllary cords. The larger lobes 
are more or less completely divided by oonnective-tissue 
septa into smaller lobules, which in form resemble the 
terminal divisions of alveolar glands. Each of these 
lobules of the thymus consists of an outer cortical and an 
inner medullary substance; generally several lobules are 
connected by means of the medullary substance. The 
cortical substance consists in the main of closely packed 
lymphoid cells ; the medullary substance, of more loosely 
arranged cells and peculiar clear bodies, which gen- 
erally show a distinctly concentric lamination, with 
nucleated cells in the interior; these are known as 
HassaPs corpuscles. They are regarded as the epithelial 
remains of the original epithelial gland. Likewise, epi- 
thelial nests may be occasionally found in the medullary 
cords, which consist mostly of lymphoid cells. These 
conLs are the excretory ducts of the former glands, changed 
to lymphoid tissue. 

The thymus is the only lymphoid organ which lists no 
follicles with germ centers. As, nevertheless, mitotic 
divisions can be observed, it must be assumed that the 
thymus, like the lymph-glands and the spleen, serves for 
the new formation of lymphocytes and leukocytes. It is 
also thought that, as in tlie red bone-marrow, red blood- 
corpuscles are formed in the thymus. The thymus attains 
its highest development in childhood ; later it is traversed 
by nmch fut tissue, but is often still well preserved in the 
adult 

The thynms receives many blood-vessels, which form 
capillaries in the meilullary, as well as in the cortical sub- 
stance. Lymph'VesMcls are also found ; these form sinuses 
in the cortex of the lobules. 



THE DiaEHTIVK ORQMiS. 



V. THE DIOESTIVB ORGANS. 

The organs of the tligentive system ooinprife a tubaU 
stnictiin-, tlio (iigi'wtivc tnn't or iiiUrstiiiul niiuil, wliiq 
liegiua at tlw- muutb and ends at the anus, and tlie glai 
asiiociuted with it. 



..gn^ 



gh~- 




Fig. 13. — Dliwrajn of dii^Mtive tniot; ep^ Ep[tlir*liuni; f 
ot muoona luFtnbmna; git, elnndji or calimnnnn; gatg^ Kanicll* 
iii;riit<>no [ilcxiia; gum, gwntclion of Hnliniiipnns j>li<xn«; L, Inincii] 
li>U|j;lttitlJiittl uiiiBule; mtn, muamilarix iiiiKiuHiir; rn, ulrcular D 
«, scmnaocut; mh, BubmiuNiaa; m, aulHoriMi; tp, mnn^i. 



The following liiyiTS or foatK an.' n'<x)ffniz(Hi throof 
the eiitin; exU-nt of the inicsiinal mmtl: (1) The nil 
nienibrane, tunica mtuvMa, cunHlstitif^ "f (") 'he opithpliui 
, ^) the tJinica uropriit, whidi may coutaiii alutl 
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branched tubular glands and the ducts of glands lying in 
the submucosa, as well as solitary lymph-nodes, and (c) the 
muscularis mucosae, consisting often of several layers of 
non-striated muscle. These three constituents of the 
mucous membnine are closely associated and take common 
part in the formation of its folds. 

2. Beneath the mucosa is found the submucosa j consisting 
mainlv of loose connective tissue. In it are found the 
larger blood-vessels and nerve trunks for the mucous 
membrane; in the duodenum it contains the secreting por- 
tions of Brunner's glands, and in the greater portion of the 
intestinal canal a portion of the solitary and aggregated 
lymph nodules, and also adipose tissue. Owing to the 
loose character of its tissue, the dislocation of the mucous 
membrane, formation of folds, etc., are rendered possible. 

3. External to the submucosa is the muscle layer (mus- 
cularis), which is formed of non-striated muscle and often 
of several layers, generally of an inner circular and an 
outer longitudinal; between the two layers the muscular 
nerves form a plexus with ganglia. 

4. The muscle layers are covered by the serous laycTy 
which has on its surface a layer of mesothelial cells. Under 
the serosa there is loose connective tissue^ the subserosa. 



THE ORAL CAVITY. 

The mucous membrane of the oral cavity is lined 
throughout with stratified squamous epithelium resting on 
a papillated mucosa. In some portions of the mouth the 
papilla) are very high and project into the epithelium, 
especially over the (/anus and at the red margin of the lips. 

Since the mucous membrane of the mouth is not mov- 
able on its underlying portions, as in the hard palate, the 
submucosa is often fornKxl of a closely woven connective 
tissue, which is firmly attached to the underlying tissue, 
as for instance the periosteum of the palate. A muscularis 
mucosae is lacking in the mucous mftmbt^LW^ o^ \i\^ ^\i^\x5^ 
9 
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.1 uiliiil, /..iM on (III- -.ml. in of the (tciidiH'. (\ (Vimiitiim; 
Inn , /', liiil|i i-<i\ il > , '<, t'll.illirl. 
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closely related to the osteoblasts of bone. They are here 
characterizi'd as odoniobUuHts, 

The tooth proper consists of three substances, of which 
one, the enamely is of epithelial origin ; the other two, the 
dentine SLud cxmioitum, sltc of connective-tissue origin; the 
dentine forms the main mass of the tooth. Enamel and 
dentine are tissues which occur only in the tooth ; the 
cementum, on the other hand, is bone tissue. In the three 
macroscopically distinguisliable portions of the tooth — the 
crown, the neck, and the root — the three substances are 
so disposed that the dentine occupies the interior of the 
tooth in the crown as well as in the root, but nowhere 
reaches the surface of the tooth, while the enamel covers 
the dentine in the crown and ceases gradually toward the 
neck, and the cementum forms a narrow layer, beginning 
at the neck where the enamel terminates and increasing in 
thickness toward the root. 

Dentine (substantia eburnea) resembles osseous^ tissue 
in that it consists of a calcified ground substance with 
calcified fibrillse, and of fine canals, the dentinal tubules, 
which radiate from the pulp cavity. Dentine differs from 
osseous tissue in that it contains no cells and no blood- 
vessels. In the dentinal tubules are found the processes 
of the odontoblasts, tlie dentinal fibers, which penetrate 
them for a variable distance. The fibrils of connective 
tissue in the calcifitnl ground substance of the dentine are 
arrangeil mainly in the direction of the long axis of the 
tooth. The dentinal tubules or canals are fine canals, 4 fi 
m width at their opening into the pulp cavity, which, near 
the outer limits of the dentine, divide several times at an 
acute angle, and finally, giving off very fine lateral 
branches, lose themselves at the limits of the substance 
in fine, blindly ending branches. 

In the region of the crown of the tooth, not far from 
the boundary line between dentine and enamel, there are 

' The osseous tissne of the teleostd is essentially a vaaoalaiized 
deutine. 
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Fig. 45.— CroaB4ection«f nlinmanninmt^. X '25. TlioAgan 
niulvi' low powiT the rt'Utiuu ot the ilenliiiiil tiili(ili«, ot Ilie |{~ 
Ib^ct (small iiiIi^r);lohuliu' ipuoot) aud of the uenieiitum. Ill (be 
tuiii we rw>iKiiiiK> iiiiniproua Itonr iipnc<«; the de.iitiiuil tubnics bntnoh 
towonl the gniiiiilur Uyer. C, Celllt^atuill-, J), deiitiuu; K, gRUinlar 
Uypr; i", nmt nuinl (pnlp cavity). 

Fif. 46. — Portion of the orown of a lonititudliMl svcllon ot I 
bnmnn yimiDnlar. X 200. Thd %urB nhowa the slriK-turc of »tnol' 
at Uif hWerot niuuiipl niul dcDtinc. In the rpgioii nt the dentti 
two Uruer tuxd two niiiuller inlerclubulur Bpnem are hIiuwd. H 
dcniiiuil Qlwra bmnoh and fork lunl vrith thc^ir pratwnee pass heyaa 
the liiuilK ot the enunipl. In the Afaire, the ennniel prisms ah" 
pnrtly wnvv onrvea UDil partlj nlternntini; Btriprs of darker t 
brighter iHisma (the pimtllfl stripes ot RotciuH). /), Dentine; , 
dentinal taltules; Jg, int«rg1obuliu' epnoeH; S, eiiniuel; 

Fig. 47. — Portion ot n longitndinal H«tion of the root of n hamftn 
inolHr tooth. X SOO. The fii^n' shows Uie Dtmetiire of the liouiidary 
between dentine ODrl (Kmentuin. In the tx-ninntuni distinct )■>■)? 
spftwawilh U>n« cguinlipnii are (K*n. ThniieiitiiMiMubulM here show 
espeoinlly nuineruus diritiionii and latural hrunchen. The gntonla^H 
InyerfihowHwniill, irreninlar JnU'rglnbnlnr Npncrs. C, Cein«ntam; flH 
d«utiuei Dk, deiillnal iuhule<>; K, ({niuular l»yvc (siuuU iutorgloboU^H 
spnws); Kll, bono qincps of the oemi'ntuin. ^^M 

found irregular spaccsi bounded by spherical surfaces (^H 
undemloifiMl tr>iit)i ^oc-tioii^), wliicli probably umsist 0^| 
dentiiitt which has reniiiiiiocl uuudciGed. Tliesc are ver^H 
varialilo and ant di.«i;;ti.'itetl as inlerfflobiJar spacfg. HimihUrfl 
but muuh emaller simiva arc found at tlio borders of thftfl 
deutine and ci>meiitum ; tlicy are beyond tlie ends of tJUiM 
dentinal tubuh-sanil fonn liirea cunlinuuus liniiling laytfl 
between dentine and ceineiituni known as Tornvti' ffranataifM 
layer, J 

The eiianud coasti^tH nf long lii^-hidetl iirir^niH, the s^l 
called t-'namel jirism^, 3—6 /i in widlli, united by a sms^f 
amount of <vnient biiltslance. Tlie rnanicl prisiiii^ are no^f 
Htruiglit, but present wavy borders, and run through tlw| 
entire tliiekness of the enamel. They u|)|>ear structnre->1 
less, tliongli ocfii-ionally tlii-y show striiiliun and niAJpfl 
be regju-ded as petrified epitliellal eelle. They oontaiaa 
almost no (irgiinit! substance (3-5 per cent.) and disaotvttfl 
_ pntirftly in miaeral acids. ^J 
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The surface of the enamel is covered by a structureless 
membraue, the cutidUa denUs. 

The ceineidum presents the structure of osseous tissue, 
usually, however, without showing the distinctive struc- 
ture of compact bone — that is, without blood-vessels, 
Haversian canals, and concentric lamella;. Only very 
large teeth have lamellae in the cementuni, as those of the 
lai^r mammalia. Then we find also Haversian canals. 
In man, lamellse only very rarely occur. Where the 
cementum is thinnest^ as in the neck, bone -corpuscles 
may be wanting. 

The blood-vessels and nerves of the tooth are found in 
tlie pulp. The dentine is a tissue which is entirely free 
from blood-vessels and nerves, and the cementum is 
usually non-vascular. The enamel may be regarded as a 
dead substance, which undergoes no metabolism and needs 
no nourishment. 

As has been previously stated (see page 1 30), the teeth 
differentiate partly from the epithelium of the oral cavity 
and partly from the connective tissue of the mucosa. The 
process of tooth development is introduced by the epithe- 
lium, which projects into the underlying connective tissue 
in the form of a continuous ridge, the enamel lerlffc, parallel 
to the margin of the jaw and not yet divided into tooth 
anlagen. Tliis appears at the end of the second month of 
embryonal life. 

Soon afler the appearance of the enamel ledge there are 
found in certain places, which correspond in position and 
number to the deciduous teeth, colh^^tioiis of connective- 
tissue cells under the epithelial ledge ; at the same time 
opposite these, nodular enlargements of the enamel ledge 
apjxjar, the anlagen of the so-calknl enamd orynriH^ while 
the colh^ctions of connective tissue cells represent the an- 
lagen of the dentinal papillw. 

With simultaneous enlargement of the enamel organ and 
of the dentinal papilla by which the former more and more 
surrounds the latter in the shape of a cap, there is a con- 
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PLATE 27.— Tooth Development. 

Fia. 1. — Frontal Section through the Toofue and Lower 
Jaw off a Three-month Human Embryo (First Stage off De- 
velopment off Toothy, y :hi. 

The (itfiirp hHowh the cniKK-Mcctioii of the toiigno. of M(*ckerfl oarti- 
1a^', of the bone Aiilugen of tiie lower jaw, of tlie two dentinal ridges 
of the lower jaw, with the t<x)th an1agi*n. 

Ti>chnie : Pimn-Hubliniute. Otnnin-heniatoxylin-eoHin. 

Rc;fcrence letters : Jf, Meckcrs cartihigi*; in, anhi^e of lower Jaw; 
pd^ ]Nipilla of tooth; wAo, enanirl oi^n; Z, ton^ic. 

Fio. 2.^Portlon off a Cross-section off the Tooth Aniage 
of a Six-month Human Embryo (Third Stage off Tooth [de- 
velopment), y iri(). 

The 1^^}\T\^ MhowH tlic fonnation of dentini* on the part of the odon- 
toblaHts and of enaniol on tlie part of the eiuiniel oeilR. The enamel 
]irirtnifl are still separated by a relatively large amount of interoellular 
Hul)8tan.^. 

T«;hnio: Mtiller*fl flu id -formal in. Ileniatoxylin-wwin. 

IMcn-ntr IcttiirH: rw, Kxtcnml cnnniol evils; />, drntinc; rp, onnmel 
cpithdiinn (inniTiMianii'l ivHm); or/, udontoblast.s; pd^ ]kiipilla(>f tooth; 
«s, I'lianit'l; np^ cnanu'l pulp. 



striotion and s<>|>anitini) of the scviTiil tooth aiihijrfii from 
the cointnoi) t'liaiiicl h*<lp', so that afttT a certain stage of 
(lcvelo|>nu'nt th«* t<M)th aiihigdi an* fonnec^cd to the Iwlgt^fl 
by a eon! ol' epithelial (rells. Alter the anla^e of a <1<»- 
ei<hioii> tooth, eoiisistiiig of enamel orgiiii anil ileiitiiial 
papiHa, is fi)rme<l, this jinMess is begun anew at the free 
lower e<lge of the enamel le<lg<» for the formation of the 
aniage of the fprrmannd ioolh, 

'I'he epithelial enami'l organ, siirroun<ling in <*ap-like 
fashion the e<nm<H'tive-t issue (h'Utinal papilla^ consists of 
a laver of evllndrie <m'I1s with distinet entieular l)onhT 
resting on the cormective-t issue pa))illa, the so-calle*! 
inmr vnitnul ccIIh^ and an outer layer oj' ilatt<'ned cells, the 
iinfrr niffimf nlU, lift ween these tw«» la vers \> found a 
tis>iie eon-;i>iing of pn-uliarly m<Mlifird .stellate (Epithelial 
<'ells with a relatively large amount of nmeoid intercellular 
>nl)^tan('e, de>igiiated tin* iinnml ftn//t. As the tooth de- 
velops, the enamel |)idp gra<lually disiipp<ars. 

Hie eonneetive-tis^uef/r//////r//y/f/yi//A/, nil tln' < it her hand, 
cv //;*/%/> ni' mescnehymal Tissue Y\el\ vw evils, the u\)^mt layer 
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of which is formed of cells arranged like epithelium, the 

The entire anlage of the tooth is surrounded by a con- 
nective-tissue membrane, the so-called dentinal aac. 

The dentine and enamel are developeil as follows : The 
odontoblasts excrete dentine on the surface turned toward 
the enamel organ in a way similar to tliat in which the 
osteoblasts produce bone. The formation of enamcJ now 
begins by the excretion of enamel on the lower end, that 
turned toward the dentinal papilla, of the cells a)nstituting 
the inner layer of enamel cells, which now show them- 
selves as enameloblasts, since each separate cell forms a 
gradually elongating prism of enamel, in its beginning 
known as Tomes' process. The several prisms are sepa- 
rated at first by large amounts of cement substance. Young 
dentine imd young enamel are thus contiguous. The 
further development of the two main hard substances of 
the tooth now goes on in such a way that tlie process 
Reaches its highest development at the apex of the den- 
tinal jKipilla, so that the apex of the crown and the 
crown itself are formtKl first. Tlie enamel pulp is gradu- 
ally resorl>ed and its place taken by the growing tooth. 
The inner enamel cells with their cuticular borders form 
the cuticula after the enamel formation Is completed and 
the cells are destrove<l. The outer enamel cells suflTer the 
same fate. The to<jth pulp is formed from the remains 
of the connective tissue papilla. The cenientum arises from 
an ossification of the lower jwrtion of the deniinal sac. 
The development of the permanent teeth is similar to tliat 
of the deciduous. 

When tin.' enamel and dentine formation has reached a 
certain stair<S the epithelial <H>rd betwe<Mi the tooth anlage 
and the enamel led^ disappears. Remains in the form 
of cellular strands are often retained for some time and 
form stratified epithelial bodies, the so-called glandulra 
tartaricie. 
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PLATE rf.— TOOTH DEVELOPMENT. 

Flo. 1.— Longltudtnal Section of a Deciduous Tooth Anlage 
of a Pour-month Hunuui Embryo (Second St«xe of Develop- 
ment of Tooth). X40. 

Tlie tl){ure shows a dcciituouH liniiuin lonth anliun- bcfon- tlie l)P)iiii- 
nini; of tii« fomiBtion of dentine and cnaniel. On the troe edge of 
the eiuimel Icdfce *e Bee the anlfwe of the )ii-niuinent tooth. 

Tcchiiio: Piorio acid subliitiab'. Hi;nuiloj(.vlin.irit4in. 

]t>-rereiioe lettera: an, Kitemul ciiAmel ckIIn; '/,, anLifce of per- 
nuuirnt tooth; ep, epitlieliuin of mouth Oftvity; m, ftitrniiil eiiuniel 
oellit; k, anlage ol bone of lower jaw; pd, deutuuti papilla; gp, eiuuii<>l 
pulp; Zt, dentinkl taa. 

Kki. 2.— Longltudhia] Sectloa of tlie Aniage of the Decidu- 
ous Tooth uid of the Permanent Tooth of a New-born ChlW 
(Fourth Stage of Development of Tooth), y 10- 

The flfiure itWcn a itenL-Ril view of nn older toiitli nnlo^ with wcll- 
advanceil denlinu nnd rnnniel fomiatiiin, bi'MJile^ the DnlnK<- of tlio 
pfnmiiieiit bmlh in the. ntattf of Fir. 1. The liitUT h c<>iiiiin'leil by 
n'liiaiiut of tbu ciiuniel liiltie witb llie i-]>itheliiini of tin- iixiulli uu\ ily. 

Tti-Unic; MiilU-r'n Itiiiil aiul [iiminlii). )ltiiuitoxyIin-i-or>in. 

Iti-frrciuf! li-tli.'rn: J>, Ih'ittJiic; l>', divMnous tiHilh imbibe; Jt'f, 
atilnKe iiF |M-mmiiciit faiotb; tp, ('|ii(lH-liiiIii of month ntvKy; gl, glaii- 
iliilu turtiiridi; A', bcini- iif lower Jaw; p<l, iniiiillu duntis; ,v, eiumi'l 
partly ncparatt-d from iJie enniiicl epitlielium at IliiOi-ft ; i7f,i*iiN]iie] pulp. 



THE TONGUE. 

The Umf/ue consists largt-ly of striated muHclc Ushuo 
fiiimnindcd )>y a iiiucoiiu nicniliraiie wlucii is firmly 
attaciicd by means of an aponeurotic 8uljumc<is:i (furn-ia 
linguic). Vc distingtiisli In tho tonj^ic nn anterior jCTiiil- 
lary ami a j>ost<rnor ton.sillar ])ortJon. In tlic anterior 
papill:u-y j>ortion there are founil in man tliree fonnn uf 
papillie, — iHipillic filiformes, jiupillie fnii^ilormcs, ami 
[Kipilltc eireinnvidlatie. It is a misnomer to desijr- 
nato the pnij(*ti<ms on the toii^ic as jiipllf" ; they 
are villi, \vhi<'h may tliiin-selvi's hciir jmpillii;.^ The fili- 

■ IJv the b-mi iKipilh is iiiiil.r.(.-«1 jin nnliini: ..f tl..- .-..iinr-.livi- 
ti-«ni'. fur instiinc- i>f llie ci)riiiiii of ihe utiiii inio ilii: iiiiilirliiim, 
willioiit cbiiiiKiliK llx' siiiiLTru'iiil |>liii»- iif till' t-iiillii'liiiMi. Villi, on 
Ihi' olhi-r hatul, an- stnii-tiinwof Ibi- iiiui-oiw lui'inliraiii-, «bicb imii'rt 
alxn-u tbc Hurfitce and l-Iln^')s1 uf r<iiiNi'c-ii\e lis-iieiiml i'iiill"-Iiiiiii. In 
tlicfkin fjHTf nrp iiomiiill.v iii. villi; wht-u lliey uri:.*; (wiuU niul (sin- 
ilylmiutta), tlji-y ure jiiitbulo^ii;. 
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form and fungiform papillae occur togothor on the entire 
pupillary portion of the tongue, while the circum vallate 
papillie are found in limited number near the tonsiUar 
region. ^ 

The papiUfc jUifomne^ consist of a connective-tissue 
fundament rich in elastic fibers and of a thread-like or 
conical form. Tliis is covered by a thick epithelium, the 
superficial, flattened cells of which are arranged in many 
layers and form slender, partly cornified projections. They 
are the most numerous of the lingual papilke. Usually * 
tliey show three high secondary papilla) and on the surface 
a varying number of processes of horny cells. 

The jxipUlm fungifomies have a broad connective-tissue 
foundation, with several often quite broad and generally 
not very high secondary papillae on the surface ; their 
epithelial covering usually presents a relatively smooth 
outer surface. Transition forms between the papillae fili- 
formes and the papillae fungiformes are met with. 

The papillce circumvallatcc have the form of the fungi- 
form papilliB, except that they are larger and are sur- 
rounded by an epithelial and connective-tissue wall, which 
bears no papillie. Secondarj' papillae are found on the 
upper and usually on the lateral surfaces. These are 
generally relatively few. The connective-tissue founda- 
tion of the papilla; circum valla tae contains many nerve- 
fibers and also scattered ganglion-cells or groups of 
ganglion-cells (see Plate 31, Fig. 1). Numerous taste 
buds or gustatory organs arc embedded in the epithelium 
covering the lateral surface and the wall surrounding the 
papillae circumvallata?. 

* The papilljB foliatie, which are qnite well dovcloped at the side 
of the tonjrne in many iiiaTiininlia, are quite nidimentary in man; 
they are striietures eonsistiiiK of a nuinlKT of ]>arallel folds of tiie 
mueous membrane and contain uumeroiui taste organs. 
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PLATE 19.— TONGUE. 
Fin. 1.— Tnusvenc Section UmMsh a Ltncual Toosfl of 

Man. X no. 

The pTppAration wax lakfn from a man who had l»en txreaUA. 

The Sk"'^ Ri>'et> a KcnrrBl view nr a linmial faia-til. The epitheliam 
of the toiitiillar crypt ciinlaiiw namerooii Irnkoct'lca. 

Trchotc: MuIIm'h fluid. KemalnxTlin-ewin. 

Kcferenec Irttent: Rk, Tnni>illar CTjpt ; rf, excretory duet irf fclaod; 
rp. epitheliam; s/, Ivmph-nndr* nith K>*rTn center. 

Fill. 2.— Part ot'a Tntfisvcrsc Section of the Anterior Por- 
Uon of the Human Tonsiic. x 35. 

The preparBtion una taken from trvflh tiiwiieit. lived two and one- 
*hnlt honni after death. 

The flKure uliona traniivenK xrclioivi of SlilwiD and fuHKlfonn 

TeehnK-: MUller'fl flnid. Hematoi.TUn-cnnin. 

Kefr-rcnoe lettrrn: m. Mmrulaturr: p, neoondaiy lapillic: pfi, papil- 

\a- (ilif'imie-; ;./«. pnpillic fiinuifonui*; /ji. mnttm:- im-mlimne; -m. 



Tl.r a.inioi.l >lni<-lnn.:^ ..f tins n-i..ii WUvs to iIil 
-■h." of Mi|KTtirial Iviiipli M..(l.il.-M>«-f I'-'t-"- '--I- Tluv 
iir.' [wrilv ^Jilnr; f-Mh-Irs, ii> In ll..' h:iII ..f tlif |>:ii>iHi^ 
<-ir.-iiTiiViiiljitii', piirilv iiiu! rnosi t"r,-.iii(-Mllv iipiiir.iil.i] ti.l- 
lirlr:.. Tlir- l;itt<rr ti.riil ..11 ll.u Ioni:rh- ill. ■.<.«-:ilk-.l Ih.fp.nl 

Tiir r„i<i""l /.»-x-7^:m- flat, warl-likc i-l.-v:ilioiis, wljicli 
^lii>w Til till- tiiiil<lir a iiarpjw Imt quite ili'i>]> fii']in'ssir.n, 
\\ivA:n^<lla.n-!ii,l. 'I'Ik.- walls.if ili.-crvi.t-ron.iM onynijili- 

Pi.ATE 30.— Tonsils. 
Transverse Section through the Pharyngeal Tonsil of 
Man. y (ii. 

Till' [.rquimlioii hiih tiikiii rmiii a iii:in uli.i \\m\ U;» I'Mi-^it-il. 



Tu'lniie: Ziiikir' 

'-^suJa t<.ii«illari.- ; 
(xlMk's; S, c-iiiMU'lr 




"i^SM 



S^IBu.^'^'.' *^ 



Fuf'^. 



ADENOIDS OF TONGUE AND OF PHARYNX. 139 

atic tissue with follicles and germ winters, which are sharply 
limited from the surrounding connective tissue of the 
mucosa of the tongue and from the musculature. The 
ervpt is covered by the stratified pavement epithelium of 
the surface of the tongue ; the latter is, however, broken 
through in many places by the leukocytes which are wan- 
dering out. 

The phanjnfjeal tonHils are of similar structure, contain- 
ing, however, a much greater number of lymph-nixles. 
Its lym])hatic tissue is sharply separated from the closely 
adjacent muscle and from the mucous glands of the palatal 
arches. From the mucous membrane pass out many 
irregularly formed crj'pts, often widened at the base and 
provided with out-pouch ings, the crypts or fossoi of the 
tonsil. All these are surrounded by lymphatic tissue, with 
secondary ncnles and germ centers, and lined by stratified 
])avement epithelium. Connective-tissue septa extend 
from the underlying tissue of the tonsil into its lymphatic 
tissue, so that each cr^'pt or fossa has a wall consisting of 
one layer of secondary nodules. The tonsil is thus divided 
by the connective-tissue septa into a number of separate 
compartments. 

In the tonsils, as in all lymphatic tissues which are in 
connection with the epithelium, we can observe the growth 
and migration of the feul'oci/tes through the epithdhim. 
This prf)cess ap[)ears more distinct where it is connected 
with a stratified epithelium and where the leukocytes 
wander through in large numbers ; this is the case 
in the t<msils. In the tonsillar cry])ts, certain areas 
of the stratificnl epithelium contain no leukwytes ; in some 
regions the leiik(K»ytes are found singly between the 
e])ithelial cells, while in others, groups of leuk(K*ytes 
are found in the epithelium ; finnlly aniis <x"cur where 
the leuk(K»vtes wnnder throujirh in such numbers that the 
epithelium is entirely filled i)y them and only a few grouj)s 
of epithelial cells are to be seen between large masses of 
leukocytes. In this process the \niYuU»i k\^ \.W \xvv\>ivss\^ 
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PLATE 31.— TONGUE. 
Pin. 1.— Transverse Section through ■ I^pllb Clroiinvi 
Uta of the Human Tongue, y 41). 

Tiw |iri'pitnitioii wun lukcii Uiiia timiio IIxihI tmiHiiil oiii'-luilF Imn 
nltet dnitli. 

Till' li^iiiv „li.p>VH III.' Hlriifitnre- of tlic ciroa nival Inlc [miill la, I4 

\tnA*. IIImI llli- "rriN- j:l:irii|ii niUTUUIKtIui: it. 

Tii'lihM' /iiiUi'i ■> --pliiiiini. lUmntoxylin-ciisin. 

Itt-I-Mi' ■ li Ml r^. : il, Hscri-tory tliKrl of gland; g, gaiiKllon 

gfjirr, Bt-nxin Kliuirln; IijI-n, Ittnlt^ builiti m. traUHVCmcly Wriulnl u: 
fitNTM; «, iicivi^li litre of llip gloiBiipliiir.vngiwl nenr-; p, ncci 
pi^iillw; /^, amilor riirmw arouiiil t\u: dn-iiTiiVHlliil4i [^pillu; 
oiicnlar yiiXX of tliv pn|i[|l». 

Pki. u.— Transverse Section through a Portion of t 
Mucous Membrane of a Tonsillar Crypt. >' :^20, 

TliP pii'pornlion wnn loki'n (rum one wlici hwl liwii rxn-nted. 

TW llpiiv hIioud I1ii< wniiilprinc (it l.lip li-iikorj'tcs of the mi 
niembrHiii- lliimiu'i lli>' I'l'lUii'liiim, At tin- Ictl. a few Itnikocyb? 
the I'liittuliniii; in llii- micidip, tliere nm aeviunl gniiipB, and at U 
riitlit Hir < I'lrlii iitiiu J- s.> lillful with Icukoojtra tliut thv *piUi*l9 
n-llmiic i.pimil III ilii- In [11 nt ncatB. ThehaneniPut nieiiiljnac ut IT 
c[iiilii'liiiiii <- III i'<i i"Ni;>-i III' dlMJiiKulsh'**! at the righl. 

Tk'Iiii"': Zi'iil.i r- 'jiliitiim. Ili'iiuitoi.vlin-Mwln. 

Krftrriirc li'Hont: ilcp, Umqiutniatctl epithelial wlla ir 
ofypl; c/i. eiiitheliiiiii; ipr, cpilliclial remains; /, lenkocytcsjlji, lymrf 
oid liieue of the ihucouh mciubraue; i, ieukouytcH wonderinfi '~ *' 
the lumen. 

nicrahnirn' fir.*t (lisa|i])C'fir; tliL'ti, on ac»>iint of the m 
of lfuk<iiyli>s ciiiitaino<l in it, the epithelium jncreaaefi 1 
tlii<rl( IK'S.*, nml in Jiliwrcs wlii-n- tlie niinilitT of Ii'UliiK_ ' 
exceed*! the number of epithelial celle, the shaqj bounda^ 
lino betwt^n llx' r'|iith<'Iiuni and Uic lyinpliiifii! li»siie of tf 
mucxiUB memhmue diHsijipi'nrs. 

Tilt b/iHyl'ivjoirlM of tho loii^i- are very abundant a 
end partly in the niuMiulnturc, partly in the mucoits med 
bnin(>. 'J'he capillary networks of the latter are foafl 
prineipilly in the awnidiirj- jHipilla', where, in tungtt 
wliieh are not etnteil, — that ia, wiien ibe wU]K'r6cial, pari 
desc|iiitiniitetl eells have liecn remove*), — tiu-y sliirie throUfl 
from their ex]K)se{I poHition, imi>arting the normal redne( 
to tlic lonfTui-. Tlie (il]>illiiries also form networks 
the jrlamU and ]ia!i^ into the tnD^iUa^ tissue. 

TVjc ///mj'/i-vcMiclj' ol' tlie loHgiw arc most abnudant ii 
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the tonsillar portion and form here a superficial network 
which surrounds the lymph nodules. 

The nerir.'i of the tongue, especially the branch of the 
glossopharyngeal going to the circumvallate j)apill8e, show 
small gjuiglia in their course. Tlie tongue receives, be- 
sides the motor nerves and the nerves ending in the taste 
buds, branches of the lingual nerves whicli terminate in 
repeatedly branched endings in the epithelium. 

THE ESOPHAGUS. 

The esophagm has throughout a stratified pavement 
epithelium with pa])ill8e. The tunica prop'ia of the 
mucous membrane is composed of fibro-elastic connective 
tissue and contains small lymph-nodes, which are occa- 
sionally situated around the excretory ducts of the glands. 
The muHCulariH mticoHcc is very well developed and consists 
almost entirely of longitudinal bundles. The entire 
mu(X)us m(»mbrane, with the muscularis mucosae, shows 
marked folds in the collapsed condition of the organ. 

The ttubmiwosa of the esophagus is com])ost»d of very 
loose conne(;tive tissue, which often contains fat ; in it are 
found small mucous glands and the larger nerve bundles and 
blood-vessels for the mucous membnme. The excretory 
ducts of the glands pierce the muscularis mucosce and nmcosa 
in wliich they are often surrounded by lymph follicles 
and open through the stratified jwvement epitlielium into 
the lumen. Serous or mixed glands are occasionally 
found. 

Aside from the mucous glands, there also occur in the 
esophagus (juite constantly glands which have the char- 
acter of the fundus glands of the stomach ; these are 
found especially in the n»gion just lx»fore the junction with 
the stomach, and are therefore known as cardiac glands; 
o('(»asionally they occur, however, in other portions of the 
esopiiagus and more frequently in the upper j)ortion. 

The nimclc of the esophagus varies in different reg^iona. 
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PLATE 32.— ESOPHAGUS. 

Transverse Section of the Human EsoplMCiis it the Levdl 
off the Middle Third, x 10. 

The iiTPiMiration woh tuken from a nmn who had been executed. 

Tlie figure Hho>i«-8 a K^neral view of the stmcturp of the eH0phiig;n8. 
The iiiuwle is coinposed of a mixture of lunooth aiid striped fiben. 

Teehiiic: Miiller'a fluid. Heiiuitoxylin-coeiu. 

Rcferunoe Ictteni: ep^ Epithelium; gf, mucous glandii of the anb- 
iiiu(Misn; A, lumen; Am, longitudinal muscle; mm, muHcularis mooone; 
n/, l.vniph-node; lim^ circular muscle; mn, suhmucosa with fat-cellSi 
hlood-vi'SHpls, some longitudinal bundles of smooth muscle at the 
limits of thociivuhir niusclo; fa, tunica adventitia; f/», tunica propria. 



In the ii|){HT |M>rtioiiy alM)ut oiic-thinl, it is composed of 
tniiisvt'rsi'ly HtriatiHl elements; in the middle, of smooth 
and striat(Ml; and in the lower third, eiitirc^Iy of the 
non-strlntiHl variety. It shows a distinct inner <*in'nlar 
and oiitiT l«>n|;itudinal layer. The n)us<'le is surnMiinhKl 
Oh llu' t>ut>ide hv e(»nncrtive tissue, wliich forms an in- 
distinct Iv iMunidiMl adventitiiu 



PLATE 33.— ESOPHAGUS, STOMACH. 

Pk;. 1.— Portion of a Transverse Section of a Human 
Esopha8:us. x 1-^. 

Tlu' ]»rf|mnition wjis tukeii from oiu? who had Imtii pxiTiittil. 

Tht* tijiurt' »liow« all the layei-H of tin* wall of the o^sopha^uH. The 
inuHCulaturu (^iiHiHtK of Hiiiooth and Htri|Mr<l IDhth iiiix(><I. In tlu* 
niucouH mrnihmiu^ u solitary lyniph-iicKle is found and niumuM glands | 

in tlu* KuhnnuTOsvi. 

Twhnic: MiUler*H fluid. Iffnuitoxylin-rosin. 

I^'fi-nMifc h'ttoFH: vpj Kpithi'liuni; ///, glands; /7/1M, non-striat<-d 
hMi^itntlhial niusflc; /»*, lonj^itudinal luust^h* ( tninsvtTs<'ly striatal:; 
fHwi, nniHoularis mui^osii?: w/, ^^olita^y lynipli-niHlc; /■/«, ciixMilar niu,srU' I 

(niix<*<l); Hin. siihmiU'XJMa; //>, tuni«i propria. I 

Kk;. 'J.— Vertical Section of the Wall of the Stomach in 
the Region of the Pylorus, y JO. 

Tlie preiMinition was taktn from a num wlio hjul Ihm'u ex<-<'iit.<'<I. 

The lifrure ;;ivt»s a j^ctumiiI virw of the layers (►f the wall i»f thr 
Btoiniu.'h. The mucous nunilnam' contains loim ciypts and slmrt 
branchwl and twistwl ;rhnuls, as wrll as lyni]>li-n«Ml.s. I 

Twhnio as in Fi*;. 1 . 

Keferenoe letters: a, ArWvy of the suhniuc<»sii; ///, jrjistne rryi»ts; 
Jf, mnscularis; w, mucosa; mm, niurwularis* niucosie; «/, lyniph-ntMlesj 
«R, submvLOOtsa, | 
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THE STOMACH. 



The wall of the stomach shows in general the same 
layers as that of the esophagus, with the addition that the 
stomach is covertnl by j)eritoneum ; so that a serosa and 
subserosa are added to the layers. 

The epitheUuvi of the surface of the stomach, which also 
lin(»8 the crj'pts in which the glands terminate, is columnar ; 
(^ells are covered with mucus on the side toward the free 
surface and probably pro<luc^ mucus like the goblet cells 
(see page 35). 

Tlie funwa propria of the stomach Ls comi)osed mainly 
of ixibular gloiuh which open into the cr}'pts ; only a rela- 
tively small amount of interstitial tissue is found between 
them. The shape and structure of the glands in the 
region of the body of the stomach (cardiac portion, fundus, 
and body) differ from those obser\^ed in the ix)rtion to- 
ward the pylorus. We accordingly distinguish fundiui 
glands or glandrilw gojdncce propria^ and pyloi^ic glands. 
There is, however, no sharp boundary line between the 
tw^o regions, but a gradual transition of one type of glan(^ 
into the other. As the glands form the main portion of the 
mucous membrane, they impress uj)on it their typical 
chanicter, so that we may speak of the fundus nmcous 
membrane and the j\vloric membrane. 

In the fundus region the gastric crypts are smaller and 
shorter in proiK>rtion to the thick m»ss of the mucous 
membnine than in the pyloric r(»gion ; the glands of the 
fundus region are nuu^li less branched and the tubules are 
l)ut little convoluted except at the base. Anastomosis 
between neighlM)ring glands has l)een observ'ed. 

The fundus glands contain two kinds of cells— cA/f/ 
«7As' and parietal eells. The former may be regjirded as 
(H)iitinuati<)ns of the surface epithelium ; they are relatively 
small and of nearly cubical shaj)e. The parietal cells are 
large, round, or irregularly jx)lygonal cells, have a dis- 
tinctly granular protoplasm, and stain intensely with the 
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PLATE 34.— STOMACH. 

Fio. 1.— Transverse Section throusli the Mucous Men- 
bmne off the Fundus Region off the Stonuch— Qenersl View. 

X 45. 

The ])reparation was taken from a man who luul been executed. 

Tlie figure gives a general view of the niaomn of the stomach in 
the fundns region. We recognize the rekition of tlie gaHtrio crypts, of 
the glandulie gastrioa; propriic, and in the^e the distribution of the 
parietal cells (stained yellowish-red). 

Teohnio: Zenker's solution. Henintoxylin-orange. 

Keferenoe letters for Figs. 1-3: bg, Blood-veflst^Is; bz^ parietal cells; 
eglj neck of gland; fg^ gastric crypt; fgl, fundus of gland; glg^ body 
of gland; mm, mnsoubfis niucowe; «/, solitary lymph n«lule. 

Fiu& 2 AND a-^lands off Stonuch under Somewliat Higiier 
Magnifiaition. x 80. 

Fig. 2 shows a distinct forking of a stomach gland ; Fig. 3 a gland 
out almost the entire length. Both preparations show the distribu- 
tion of the parietal cells (reddish-yellow, bt) and chief cells (blue). 

Teohnio and lettering as in Fig. 1. 



acid anilin dyes. The pari<*tal rolls arc found al>un<lantly 
l)ctweeii tho cliiof cells, wliicli thov may ('(luai in numbers 
or even exeeinl in the so-called netik of the ^hind — that is, 
the i)orti<m o|K'mnj^ into the ery|)ts ; in the IxmIv of the 
gland they are sc^ittere*!, an<l in tin* sonu'whiit enlai^jjed 
and slightly convoluted glan<l fundus, hut iew are found. 
The latter portion of the gland is therefore formed almost 
entirely of chief cells. Ii(;t\ve<»n the chief cells, intenvl- 
lular and in the parietal cells, uitracellular secretion capil- 
laries are found (see page 30). 

The pyloric ylandA o|K>n into relatively wide and dwp 
crypts. The glands are shorter than those of the fundus 
regicm ; they are more hrancluHl and more convolute<l, 
especially at the Imse. Tliey contain only one form 
of cell, similar to the chief cells oi' the fundus glands. 
Occasionally, however, scatti^rtnl ])ari(>tal c<'lls are found in 
this region. The ]>ortion of th(» nnicous men)l)ran(> of the 
stonuich not occupie<l by glands is fille<l by reticular con- 
nective tissue? rich in lymph-cells, into which single nuiscle- 
fibei's of the muscularis nuicosT extend. 

The lymph-cells form — more frequently in the pyloric- 
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region — collections of solitary nodes, which are situated 
chiefly in the d(»ej)er layer of the mucous membrane. 
In the mumakiriH mucosoe of the stomacli, two layers can 
be distinctly recognized — a circular and a longitudinal 
layer. Tlie snhniucosd is like that of the esophagus ; it 
is comj)Oj5ed of hKKse connective tissue, with many elastic 
filx?rs and sonu» adi|)ose tissue. It also contains the blood- 
vessels and nerves for the mucous membrane. The miui^ 
cular ocMit of the stomach consists of smooth muscle, 
which, in the main, is arranged in two layers, an inner 
circular and an outer longitudinal laytT. To this, how- 
ever, is added the radiation of the musculature of the 
esophagus, which complicates the lamination of the mus- 
cular cosit of the stomach. 

The serosa of the stomach is covered by a layer of 
mesothelial cells. 



THE SMALL INTESTINE. 

In its whole course the snuJl intestine shows in general 
a ven' uniform structure and the same lamination as the 
stomarh. This is complicated only in the upjKT jK)r- 
tion of the intestine by the duodenal glands. Tlie mucous 
membrane of the small intestine is characterized bv the 
presence of villi (si'C i)age 136). The villi are high and 
large, and at the same time somewhat flattene<l at their 
l)eginning in the dn(Klenum (occasionally they begin in the 
stninacli cl()se to the pylorus), and extend to the valvula 
coHea. '^I'he villi of the ileum are much smaller and more 
conical. They consist of slender pr<Krsses of mucous 
membrane, which are covered by epithelium. The epi^ 
thiUum of the entire intesthial canal, from the pylorus to 
the aims, is a simple columnar e|>ithelium with striated 
cuticular border (se(! i)age 33). The form of the c<»lls, 
more esjH'cially at the a|)ex of the villi, is generally pris- 
matic, (fohh't cr/ls also (Krur in van'ing number (see page 

35). Both forms of cells are found ici the be^\v\\\\\v^vsit 
10 
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PLATE 35.— STOMACH, DUODENUM. 

Fio. 1.— PortkNi off A Tangential Sectkm off fhe Mncoiia 
Membrane off the Human Stomach (Fnndiis Regloa). X 3oa 

The preparation was taken from a man who had been ezeoated. 

The fignre nhows the trensverae nectiona of five fnndns glanda and 
the relation of the chief and parietal cells to the lumen. 

Teohnio: Zenker's solution. Heniatoxylin-eosin. 

Keferenoe letters for Figs. 1 and 2: 6z, Parietal cells; iU, <diief 
cells; I, Inmen; li, process of Inmen between the parietal cells; ^ oon- 
nectivc-tiflsae celU of the tunica propria. 

Fu». 2.~-Portlon off a Longitudinal Section off a Pandua 
Gland. X 300. 

liCgend and letterimr as in Fig. 1. 

Fio. 3.— Portion « aXranaverae Section off the Human Duo- 
denum. X 40. 

The preparation was taken from a man who had been executed. 

The flgure shows the relation of the duodenal glands (Bnuiner), 
of the villi, and the lamination of the intestine. 

Technic: Potassium chromatc and formalin. Hematoxylin-eoein. 

Reference lettiTR: gld^ Duodenal glandn (Brunner); gH^ inteiitinal 
glnml8 (LirlMTkuhn); </Km, gnn^^lion of th(> Hiilnniu^uH ]>lexnH; M, 
nniHinilarm (eiiXMilur ntul lotigitiHliiial la.vcrH); mm, niu.H(*iilari» nin- 
o<>Hii*; J/k, niiutms nicinliraiH*; »V.V, sulmuic^K^i; n\ villi; X, places 
^vIktc the dufxlciuil gluiuls liave bnikcu through the niiLscularis mn- 
cosiu. 



tho short tiibul.ir glands, the glands of Tjieherkiihn, which 
li(^ in tlie tuniai propria of the small intrstiiio. Under the 
e|>ith('liinn is a struetureh'ss hasenicnt nu*nibrane, wliicli, 
as it occji^ionally contains distinct nnclci, is probably of 
(M)nnective-tissue ori«i;in. Tiic epithelial cells in the lower 
{Mirtion of Lieberkiihn's glan<ls, the d(»*']>est cells forming 
the real fundus of the }2:lan<l, show a <listinct granulation 
of their pn)t<»plasm similar to that of gland-<H'lls (s<»e l>age 
3'')), probably a preliminary stage of the secretion 
(zymogen, so-ctdl<»<l Pauefh^H (tUh), The adjoining colls 
grnendly show mitotic division, more often sren in the 
small int<.»stine than in the large intestine. The nuc^lei of 
th<; cells undergoing mitoti<^ rell division always lie near 
th(; hunen of the gland. The resulting eell proliferati<»n 
nerves the pur|>ose of reg<'nerating the intestinal epi- 
thelium, in that the cells are ])ushe<l from the de|)ths of 
the gland toward the surface of the villi. The cells thus 
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puslied lip son^e to replace the goblet-cells which degen- 
erate. It should, however, be reraenibcre<l that the evac- 
uation of the secretion of a goblet-cell docs not necessitate 
its degeneration ; on the contrary, it is more than probable 
that there is no relation between the number of mitoses in 
the intestinal glands and the number of goblet-cells; 
rather, when the number of the lattcT increases, the number 
of the former decreases. In the ciliated epithelium of the 
respiratory tract, the goblet-cells are often verj' abundant, 
while mitoses are entirely lacking. 

The tunica propria of the small intestine is a reticular 
connective tissue and fills the interstices between the in- 
testinal glands or glands of Lieberkiihn and forms the 
greater portion of the villi. In the long axis of the latter 
lies the axial viUous apace or the central diyle vessel, the 
radicle of the lymph-vessels of the small intestine ; the 
villi also contiiin blood capillaries and some non-striated 
muscle-fibers, which extend from the muscularis mucosae 
into the villus (see Plate 39). The portion of the tunica 
propria lying between the intestinal glands as well as tliat 
of the villi is rich in leukocytes. 

The miLscidaris mucosce of the small intestine is well 
developed and consists usually of two layers, an inner 
circular and an outer longitudinal. 

The submiwosa of the small intestine consists of loose 
connective tissue and in it are found blood-vessels and a 
nerve plexus (see below). Fine vascular processes of the 
submucosa project into the plicce circidares (Kerckring's 
folds) formed of the entire mucous membrane, including 
the muscularis mucosie. 

Tlie mmcular coaf of the small intestine is arranged in 
two distinctly se|)ai'ated layers, an inner circular and an 
outer lon<ritu(linal. The latter is covereil by the serosa, 
which has the same structure as that covering the stomach. 

The u|){KT end of the duodenum has a somewhat differ- 
ent stnictun* fn)ni that of the remaining p<:)rtion of the 
small intestine, by reason of the fact that the picture is 
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PLATE 36.— SMALL INTESTINE. 

Portion of ft Lonsttudlnal Section through the Human 
Jejunum. X l'>. 

Tlie ]m-piiruti<in wmt tuk<>n from a ninn wlio liuil Imi'II execnhd. 

The liKUiv hIiowh tlic truiixvcnv Hccliori of tlie i^iitin- iiili-Ntiiiiil wall 
with nil ibt luycrH. Two volruhi: <!))iiiiivi'iit<'«iK<Tckri]i<;Vf<>Iitn)ure 
8(fn ill till' Mectiiii). Tlic HubitiiuxMU i-xtviulx iiitii tlii-M-. 

Ti«lmk!: Alwlute alcolml. HcTiuiUixj-lill-wjiiili. 

Iti-fcrt'itn- li-ttfni; bg, Ulonl-vi'iwlH (vi-inti ot tlic tniliiiiiiciMu); 1m. 
)i»i);itu<liiuil nitiHcle; mm, iiiuxcularw niucuxu:; »!», wilitnt; lyni|i)i 
iimIuIc; i-m, firviitar miisc]|'; urn, HiihtiiuciMn; urn,, Niiliiiiunwa of Ki-rfk- 
ririK'H fullln; W, villL 

Iit'm citniplimtec] by the duodcuul yhivih in the tinliniiicoHi. 
Ill this {Nirtinn of tlio (liiiHlennin, tliorcfon', };hiii(U iirc fimiid 
ill the suhiimcoKii (» well as in the nmcusii. ThiMiiKidenul 
^liinds, unlike tliosc nf ihe intestine, wliirli are slniifrht 
tnI>nKs, an' ^'iinple hraiiehi-<1 alve.>h>-lnhn1ar g1:in<]s. 'J'lic- 
eellsoflhe lenninat }»)]'tioM iiiv siniilar to tho-.' >.t' the 
jivlovii: ;:liinils, on the one hand, ioi'l lo Ihe niuennw <'ens 
oi- the silivary ^rl..,„.|s, on the olh.-r hand. 'I'heir <'xer.'- 
Iiiry ducts |«'tietnile the nuis*-iLluris mm-osie :nid ninnisa 
j.n^I.riii and i>\n-i\ either into i\\\ iiite.-tinal ^hn\i\ or on the 

Plati; 37.— Small Intistim;. 

Fid. 1,— Portion ol a Transverse Section of the Mucous 
Alcmbrane of the Human Small Intestine. :• sii. 

Till- |>r>-|iiir.itiiiri \\»-< tiik.'ii rnmi a iiiuii ulm liuil lii-.'[i c-Mriiltil. 

Till- liiriin' xli'>»^ ll«' l<Mi;:iIii<l>iiii1 w-ciuin "f r»iir villi. 11 iiiiiiilH-r of 
iiili"<litiiil)tliin.lH, ih,M.vi.]|>|]<>iil iiiiK'oiisiiii'ii.l.raTK-, iiml ilu' noi^'iiliiris 

T.'Hiiii.-: .\1>«<1ut4' iil>-<>linL l[<'riml<>xv1iii-i''>»iii. 
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fr(?e surface of the mucous membrane. In man, often con- 
siderable portions of the duodenal glands (in the neighbor- 
hoo<l of the excretory ducts) lie within the muscularis 
mucosae and therefore in the region of the mucous mem- 
brane. 

THE LARGE INTESTINE. 

Tlie wall of the large intestine differs in structure from 
that of the smiill intestine in that the villi are lacking and 
tliat the intestinal glands are longer, increasing in length 
as we pass from the cecum toward the rectum. The glands 
of the large intestines contain numerous goblet-cells toward 
the base of the glands, especially in the central portion, 
while the superficial epitlielium and the mouths of the 
glands have few goblet-cells ; this is in marke<l contrast 
to the condition of the small intestine, where the majority 
of the goblet-cells are found in the epithelium of the villi. 
Except in the rectum, the longitudinal muscle of the large 
intestine is arranged in three bundles or stripes, the tsenise 
coli. 



THE LYMPHATIC STRUCTURES OF THE INTESTINES- 

The lymphatic structures of the intestinal canal appear 
in the form of solitary' follicles and agminated glands or 
Peyer's patches. The latter are found only in the lower por- 
tion of the ileum, the former occur in the entire intestinal 
tract, large as well as small, being more frequent in the large 
intestine and ileum than in the jejunum. In the small 
intestine, as in the stomach, the solitary follicles are situ- 
ated in the mucosa ; the villi are wanting over their pear- 
shaped apices, which are in close relation to the epithelium. 
In the lar^e intestine the broader jwrtion of the follicle is 
in the subniucosii — that is, it generally pushes the muscu- 
laris mucosa} markedlv into the submucosa. The follicles 
usually c<:)ntain germ centers. 

The Peya^H jjutchea are elongated structures consisting 
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PLATE 58.— LARGE INTESTINE. 

Fuk L— TraasvwM Sectloa tliroaih tlie Eotifv WaM off 
tiie Lufvo Intettiiie (Deacendtaf Coloa). X 90. 

TIm prapMKtioD was taken from timie fixed two and one-half hoon 
after death. 

The figore dWhni the lamination of the wall of the huge intestine. 

Teohnio: Tolljresnidcy's fluid. Hematozylin-eoein. 

Beferenoe letters: «p^ Epitheliam; giL intestinal glands; gmf^ ffm- 
l^lon of the myenterio plexus; Iw^ Umgitodinal musoular layer; nisiy 
masonlaria mooose; ssi, snbmnooaa; rst, dienlar muscular layer; ^ 
tnnioa propria. 

Fio. !i.— IHMtlM off « Tnuuvono SoetkHi off tlie M uco aa 
off the tiumui Roctmn. X 00- 

The pfepantftoQ was taken from a oonviot who had been executed. 

Hie figure shows the muooos membrane of the rectum with the 
glands of lieberkfthn and a solitaiy follicle. The broader end of the 
hitter is amrantly in the sohmuoossi bat in nality it only pushes 
the monenlaris mooosn into the suhmuooea. 

Teohnio: Zmker's fluid. Hematoxylin-eosin. 

Rfferenoe lettera: eply Epithelium filled with leukocyte's; gliy glan- 
dnlo) intestinales; kz^ germ oentere; m, single niuHcle-fibcrs in the 
mucous membrane; mm^ mitsculoris mucosa*; n/, solitiiry lyin]>h-n<Nle; 
X, section of intestinal glands. 



of from ten to Hixty adjacent solitary follielos conncetotl 
by their cortical zones. The follick^ are spread out so 
that they lie in a single layer and almost cntirc»ly in the 
mucosa ; the apices^ however, project as bn)ad lymphoid 
villi into the mucous membrane and into the intestinal 
lumen. The villi are lacking over the Pcycr's patches 
(see Fig. 48). 

In the vet^niform procem the arrangement is similar ; the 
mucous membrane is rudimentary, consisting of only a 
few glands, while the lymphatic tissue predominates in the 
form of closely crowded solitary foUicK^ with gcnn cen- 
ters. The solitary follicles and lymphatic stnu'tures of 
the intestine contain only bl<KKl cjipillaries — no lymph 
capillaries at Icju^t in man. In the places where the 
crowns of the solit^iry follicles or agminntcKl follicles come 
in contact with the colnmnnr epithelium, this, lik(» the 
pavement epithelium of tlie tonsilhir crvj>ts an<l lingual 
tonsils, is fille<l with leuk<Krytes. Also, elsewhere, in 
almoa^t the entire intestinal canal, we occasionally find in 
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the columnar epithelium leukocytes arising from the 
diiTuse adenoid tissue of the mucous membrane (see Plate 
2, Fig. 3). The leukocytes wander through the epi- 
thelium of the vermiform api)endix in great numbers, and 
often fill its narrow lumen. 



THE BLOOD- AND LYMPH -VESSELS AND NERVES OF 
THE STOMACH AND INTESTINES. 

The vessels and nerv'cs are very similarly arranged in 
the stomach and intestine. The arterks in the mesentery 
which enter the intestine lie first in the subserous tissue 
and give off branches to the muscularis, then form in the 
submucosa a network from which branches arise which 
supply the muscular coat and mucous membrane. Here 
we find the capillary networks around the glands as well 
as on the surface of the mucous membrane ; in the small 
intestine, a small artery also goes to each villus, passing up 
its center and breaking up into a capillary network, the 
bl(KKl from which is collected into a small vein. The 
caj)illaries of the villi lie immediately under the epi- 
thelium. The venous radicles, especially of the stomach 
and large intestine, are superficial. They arise from the 
capillaries, whicli are relatively large, and form a suj)er- 
ficial network in the mucous membrane ; in the stomach 
this is situated in the region of the necks of the glands, 
therefore below the base of the crypts. 

The lymph-vesseh begin in the small intestine, as the 
axial chvle vessels of the villi, while in the stomach and 
large intestine they begin as lymph capillaries between 
the glands ; especially large ciipillaries surround the 
solitary lymph follicles, as well as the Peyer's patches. 
In the submucosa and between the two muscle layers, the 
lymph-vessels form networks. Large trunks run in the 
subserous tissue to the mesentery. 

The nerval of the stomach and intestine arise mainly 
from the sympathetic, though certain meduUated cerebro- 
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IcMane wdL Aidal rliylti wwl «f TillaB; In, 

^^ fiMBtwh «M with MCRtkn; ic,, flobfat-wlb 
flftvteflnraMilicvMMrtad; c^eatieBlarboidcrcf cpHMiini; ^ 

FW. at^-TimiUlBrf SwUS off Two Otaiids off IIiimm 
UtfViMtitlM. XMH 

After •pwMOTllwi6lFwiMwr8*5hr, Wfiiriwn)g. TbiswMteken 
from « man wno ImmI been exemlMl. 

The fiicnre flbown espcciallj the dwtribation of the ipoblet-crlls, 
which in the huK^ intcntioe reach to the hnne of the glands. 

Technioanin Fig. 1. 



Bpinal nervei» terminate therein. The nuijority of tlic 
nerve-fibers are non-medullated, and in the wall of the 
Htomaeh and intestine form tw'o plexw^CH with small ganglia 
at the nodal points. The larger plexus, the jJexus mycn'- 
ierieus or Auerba^ih's plexns, is situatcKl betwet-n the cir- 
cular and hmgitndinal muscular layers and has lar^r 
ganglia with multipolar ner\'e-eells and quite regularly 
[Hilygonal to rhombic mtfshes. Tlie neuraxes of the 



FiK. 4«. — Part of a vertical Hortion of the wall of tin* snuill intestine 
<it the cat. X 20. Tlie ii^ire hIiowk a crn«*-Bection of a Peyer's 
I«ich, the broader portion of which, containing the germ center, lies 
in the nubnincosa, while the apices of Heveral nodeH lie in the mneoKa, 
forming a broad lymphoid villus, /m, Lymphoid pr>rtion of the niu- 
ooiis membrane; ni, lymph-nodes; 3f, miiscularis; ntttf suhmncona; rt, 
Intestinal villi. 

Fig. 49. — Transverse section of an injeetwl villus of an ape. X 
500. Tlie fi^ire shows the cn»ss-seetion of an intestiiutl villus, the 
epithelium of which shows a very distinct striate<l eutioular lM>nler. 
Tlie b1ood-vesH(*ls are injirtecl with Berlin blue, nrh. Axial cliyle- 
vpssel, com]»ress<Hl ; m, cuticular iKjnliT; 6^, goblet-cell; tp^ cpitlielium; 
/, leukocytf; in epithelium. 
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symjxithetic neurones of the ganglia of this plexus supply 
the musculature. 

The plexiui submucoaus or Meissner's plexus is much 
finer and less regular, its meshes 1km ng much smaller. 
The neuraxes of the ganglia of this plexus innervate the 
mucosa as well as the muscularis mucosa*, and the plexus 
therefore contains both motor and secretory fibers. Both 
plexuses begin in the esophagus and extend to the rectum. 

White rami fibers terminate in end-baskets surrounding 
the cell-bodies of the symjxithetic neurones situated in the 
ganglia of both plexuses. The larger meduUated fil)ers 
are sensory cerebro-spinal fil>ers, the terminal branches of 
which end in the epithelium and probably also in the walls 
of the blood-vessels. 



THE SALIVARY GLANDS. 

Under this heading we shall consider the large salivary 
glands, the small glands of the mouth, and the pancreas. 
Certain of these glands secrete a serous secretion, rich in 
albumin, known as albuminous or serous glands ; others, a 
mucous secretion, mucous f/lamh ; and certain glands form 
both serous and mu<H)us secretion ; these are known as 
mixed (/lands. The api)earance of the gland-cells which 
secrete the albuminous substance is essentially diflPerent 
frnni that of those which secrete mucus, and the structure 
of the mucus-secreting tul>ules — all these glands are tubular 
or tubulo-alveolar — differs from that of the serous (/lands. 
The tubules or alveoli of the serous glan<ls are of small 
caliber, have a very small lumen, often so small that it can 
be seen only with difficulty. They are lineal by a layer of 
cubical, distinctly granular cells, the nuclei of which lie 
about the middle of the* cell. Betwe(»n the serous cells, in- 
t<Tcellular secretion ca])illan(S are found (see page 36). 

The fiihidctt or alveoli of the mucous glands are largt*, 
their diauK'tcr being at Irast twice as great as that of the 
serous tubules ; their lumm is large, their cells clear^ 
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PLATE 40.— VERMIFORM APPENDIX. 
Truisvene Sectioa off the Honuui Verarifonn 

X3». 

The prepaiBtion wm necured by meanii of ma operation. 

The figure shows the numeromi solitBry Ijimph foUioles of the 
vermifonii »ppeiidix and the few Kbuids; in the Inmen many lenko- 
cyUm are seen; the muMcnlature is very poorlpr developed. 

Technic: Zenker's solution. Hematozylin-eosin. 

Reference letters: c, Epithelium; /*, adipose tissue of sobmi 
L, lumen; Jf, musculiUure; a/, lymphatie nodulea. 



with the nuclei prcBsed against the wall and often flattened. 
When filled with eecrctiony these eelk are laige, dear, 
vesicular stractures and stain readily with those dyes 
which stain mucus. Aft^'P the evacuation of their secre- 
tion, tlicy stain more deeply in the general stains and 
nplM'iir darker in fnsli prf*|Ki rat ions, but still differ from 
tli<» i'C'Ils (if tin; H*nMis ^luiids. Si^Tution oapillarieri are 
lacking. 

Tiil)ul<*s wiiic'h (X)ntain onlv nmcoiis cells are nire : 
till Miles eoiitaiiiin^ only serous (*ells an» found in H(»n)U.s 
^lan<ls ; in e^Ttiiin glands — the majority of the so-<alled 
inn<*()ns glands — tlu^ tubules <*ontain both mucous and 
serous eells. 

As has \n'vu stat<Hl, the sjilivar>' glands may be divided 
into serous glands, pun* nuieous glands, and glands having 



FOLATE 41— NifRVt PLIiXUS OF INTESTINE. 

Vui. 1.— Surface Preparation of the Myenteric Plexus of 
the Small Intestine of the Guinea-pis:. ^' 30. 

The ii<;iin^ ^ivcs a ^'iicnil view of the diMrilmtioii of tlic Biiiall 
gtiii;;iia of the plexus, their coinuH'titnis niid priiiciiMil Imtiiclu'S. 

'rcthiiic: I )i 111 t4' acetic acid. (io]<l clilorid. f<»riinc acid. 

liifen-iice letterH: J/, Musculature of iMt«*stiue (one iiiusfde lavcr 
biis Ih'cm removed): <'/, ^tn^lioii. the <hirker s|M»t.s art^ ^an^lion-oellM. 

Via. i!.— Portion of the Submucous Plexus of the Small 
Intestine of the Rabbit. • so. 

Only the j)lexns is reiires<'!ited. 

The figure shows the relation of the ganglia and the branches of 
the plexus. 

Ttrhnic as in rijr. 1. 

Itefcrcucti letter: y^ CJanglia. 
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both serous and mucous secretion, namely the mixed 
ghuids. The latter are again divided into two subclasses: 
glands with tubules w hich contain both serous and mucous 
cells, and glands some of the tubules of which contain 
only serous cells while others contain either only mucous 
cells or both nuicous and serous cells. The purely serous 
glands are the parotid, the small glands in the region of 
the circuni vallate j)apill8e of the tongue and the pancreas. 
The purely mucous glands arc the small glands at the root 
of the tongue and in the region of the lingual and phar- 
yngeal tonsils and the palatal glands. ^ 

Mixed glands of the first subdivision are the sublingual 
glands and all other smaller glands of tlie mouth, as well 
as the labial and buccal glands, glands of Nuhn, and 
others. The submaxillary is the only mixed gland of the 
second subdivision. 

We will Ix^gin our more detailed consideration with the 
four kmjc salivary glands, the parotid, the submaxillary, 
the sublingual, and the pancreas. They are all lobar, 
compound tubular or tubulo-alveolar glands, and are com- 
posed of many duct systems. The parotid has short 
tubular, marke<lly convoluted terminal alveoli, which have 
a very narrow lumen and only sei^ous cells. The transi- 
tion into the excretory duct system is made by long, very 
narn)w internwdiari/ tubuks, limnl by much flattened cells. 
Either singly or united, the intermediar}' ducts pass over 
into the si'cretory or salivary ducts (see Fig. 50), which are 
characterized by an epithelium of low columnar form, 
distinctly striated on the basal side. The salivar}- ducts 
then continue into larger jwrtions of the duct system, 
which show no basal striation of the cells and possess 
two layers of epithelial cells as we approach the primary 
branches of the main excretory duets. Of these two layers 
of cells, the cells of the lower layer are pyramidal and 
of the upper, columnar. In the submaxillary f/laiid, the 

^ Purely mucous ;r]ands also wcnr in oMicr portions of the digestive 
tract, in the rc'spiratory tract, genital orgaua, ttta. 
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PLATE 42.-SALIVARY GLANDS. 

Pig. 1.— Portion of Section of the Hunun Subltnpia] 
aland. X 40. 

The preparation wan takeo front a m»n who had been exvouki). 

The fli^ire nhows the boundarica ol two lo1)«i of the ^liuid, with a 
larfcer excretory duct and the adjacent icliind tiXHiK'. 

Techuio: Zenker's wlution. Hematoxyliii-eoiiin. 

Kffcrt-noe letl^ra: ftrfj, Interlobular connective tiwne with hlnod- 
veswls; i>i,, larKer fxcrttoiy duct; ih,, nntalier portion ol thf duct 
ByHteni (Hecn-tory tubcH); mu, innootis idveuli tw shown by reaction to 

Fki. 3.— Portion of ■ Transverse Section of the Human 
Sublingual aland. X W. 

The preponttion waa taken from a man who had been execnt«l. 

The fijinin: ahows a nanilver of ((land tubaleii, some cut lontn- 
tmlinally, mnie .tmnaversely, and nthen tanKi-ntially. Tlie dixtri- 
bntion (rf the tierous and ninoona oelln of the tubulen ih to be seen. 
(In oertutn rrftionit thp M-etion ]itM«-!i tbiiiiiiih only wmuK oells and 
niiitht then-run; Im' ninriiiui) nilli imrclv wriniH tiiliiiUs.) 

Tccbnic: Almilnti' ii1(i<1ii>l. lieinalonvlin. 

licrisn-m!.' letter!*: b, Inlerstiliiil .■..iiluk-iIvc fi-«Lii. Hell in lynij-b- 
ivlls; hm, demilnnc; nr, H^rutiiry tiLbnIe; (m, iiiixiil (iliiiiil tiilmU' in 
1 1)11^1 1 1 kH mil wi'tioii. 

tniijiinty of lli<> tiiliulos iin- likv tlici-t- ol' \\w. ]>;in)ti>l, cmw- 
tiihiiiiK' only .si-iiiiis c-lls. ] II :t(l(liti(.ii l.i lln-so llicn- is u 
sitiatl iiiiiiiix'r of l<iii<:, niurli roiivciliilnl, Inrj^i iiiiii-iiii.'^ 
tul.i.lcs, wliirli, liowfV.T, <-s|.r<-ially sit tl.r l.liii<l .'IkIs, 
c'oiilaiii .><iii:il[ j^roiips of s(.'n>us MU; llii'.-^c :ir<- known n.s 
lIlL- clrii.ihnu'-^of' I!<-klc']i)ixiiii or \\k CTCSr.-iits of (niinnz/.i, 
so i-allrd iK'caiisc! tliG .^^'roiis <-(-[1s arc ofli'ii iirniii}^'<'<l on 
tiu' uiiu'oiH (vlis In tlir sliii]!.' of :i riil}:.', :ii>il in <-r.»^s- 
srrti.xi ;;iv<> llie :i|>|X':iraM<'e of a <l.'nii1uii.'. Surh a .l.-nii- 
Itni.- in tliu sninnaxillarv is oftrn fornicl l.v a ^^in^'le (-.^11. 
Tlu- ihi.-t. .-^vst.'!!! ol' Xhv .Milniiaxillarv IsVitv similar to 
tliat of tiic liaii.ti.l ; onlv lln- iiil.Tin.^liarv .liirt is v.tv 
ini«-li stioi-i.T. 'JV salivary .lurls .^li.m- anas with (lis- 
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loa TlIK DICKtiTIVE OIKIAXS. 

PLATE 4}.— SALIVARY GLANDS. 

Fid. 1.— Portion of the Cross -section of the Hunuui Sab- 
maxillary Oland. X l-^>"- 

Tlie j>n-paration viok tuki-ii fniiii a iiinii wlio luul Ih'i-ti i-Ki<ciit«l. 

Tlie ll^liK HluiHit the fcliiiHlx i-iim|HH-<l uE two kiliih iif tnliiileM — 
piiivly M-roHs utiil mixiil. Miirvovcr, iiilcniiiiliiirv iliirts iiikI Hulivury 
dut^tit witli Htri»t<Ht rjiirli(rliiim an aifii. 

Tt^huii;: AlMoliite aliwlu)!. Ili'niutox.rliii-tfixhi. 

Itpfirenve letttTH: Jim, I)i>n)iluiU'i /., Iiinifii nt tnbiilii; nrh, inter- 
miilinry iliiot; xr, xiiluar.v diict; Im, inixitl tiiliuli-M liniil wilh miiuius 
(X'IIhuikI Imvitifc m-iiiuh ii-I1h in tlic ilpmiliim-s; U, wrrjiiH tubult-M. 

Fid. ■_>.— Small Area of a Relatively Thin Cross-section of 
the Human Parotid. :y SM}. 

Tho prf)ianitinit nnit tukcii from n nitm who luul in-rn cxK-iititl. 

Thu li|ciin> Hli<miii-niHH-Hii'ti(i]iH(it n niimlKT of ]>iin4y M-nxiH tulmlrs 
only one of which hIiowh a ilixlliK-l liiiucii. Tliu relation ut llii- iiitt-r- 
UK^iary dni-t to tliu tiibultit unil ilH (iiiiiHition h> Uiu mlivuty diKiln 

Tiflniir: AlisiilntenlriihiiT, 
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linc-1 l);i.-:il sitrulioli ; i\u'. iniiill rviTi'Lirv diirl li;w two 
liiv.T- .,(■ n.Iiimimr <-|.itbrliiim, ami .mt>i.i.> <■[' tlii-, I-i.-i- 
tll.lillllt niUM'Ir. 

Tl,,. «MI.«/ual .■.nitiiiiis „uW ml.n^l liilnilv.. .Ml tli.- 
Iiil.iilt's ui' ihr ^rlaiL.l :nv lli<'n'i:>i-.' ..t'HMLil:ir stnu-tim- aii<l 

Mini]:))- ('> til.' iiiii<'<ms tiil.iil.':^ .it' tlir Mil ixilki'v; tln^ 

.I,.iniluiicsar<., Iu.wov.t, iim<-h lai-ir,— lluit is, iI.o'ht..iis 
n'lU air nni.'li MH.r..' a]>iiii.]aiit,— aiul ol'u-ii liti.' tli.' wl.i.I.- 
cxlMit i.rH.c liiiii.'ji. It iiiav tlirntniv 1i:i1)]»>t. that .-niss- 
s.'<-t;.ins .,(' liil.iil.'S ..f llu' M[l>liii<r<ial ar.' <.l>taiii.'.l, wlii.'li 
aiv .HiTni).,s.-<i ..iilv ol' .-cii.iis ,..lls ami ivs.-iiil.li- v.tv <'1<.s..1v 
1|„, ,.,„..-s,.,-ii,,iis i.f M1-.IIH liihiil.'s. Til.' .hi.-t >C>t..iM >,]■ 
tli<- Mil.liu-.ial ilim-rs fi-.,iTi lliat ..f llu- paniti.l an.I siil>- 
niaxlllarv in tlii.t tli.' iiil.Tiiu'.Iiarv dii.'ts aiv .'iiiirviv lark- 
in-. Tliv tiihuli'S i.a,-s .linK-llv'iiilo .-alivaiv .I.M'I-, tli<- 
lu'iil Mriati.in of wli.».' C'll- i- .|tiiii' iiMli-tiii.'i. 

lnlli.'/»',."mMt!ii-M'.-n'tiii-liil>uli'>anMvlativ<lv.l„,rt, 

.if'K'M lliI.'k.'TH'.] at th.' .'iiils ; an.l aiv in tli.- in -ihiilai- t.> 

tlio-t' .if (lie |.an.ti.l. f.ir tl.cy |..wm-,-> ..iily ,«,-.„'y .'.'lis. 
The cdJii slidw, i;>pwiuUy in tlm slate ..I' linnf;.'!-, M'-.altiil 
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tioii ol ihe sublingual Blnnd. ^^ 
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1 60 THE DIGEST] VE ORGANS. 

PLATE 44.— PANCREAS. 

Fio. 1.— Portion of a Cross-section of the Human Pancreas. 

X KK). 

The preparation was taken from fresh human timue, fixed two and 
one half hours after death. 

The figure gives a general view of the structure of the gland. 

Technio: IZenker's solution. Heniatoxylin-eosin. 

Keferenoe letters: r/, Branch of the pancreatic duct; »chy intermedi- 
ary duct; iSy cross-section of gland tubules 

Fig. 2.-— Small Portion of Fig. 1 from the Human Pancreas. 
X 420. 

The figure shows the cross-section of the intermediary duct and of 
some of the tubules connected with it. The relation of the ceiitro- 
acinar cells to the cells of the intermediary duct is shown. 

Technic as in Fig. 1. 

Keferenoe letters: caz^ Centro-acinar cells; drz^ gland-cells; scht^ in- 
termediary duct. 

Fh}. 3.'~Cross-sectlon of Pancreatic Tubule. 

( From the same panon'as as Fi^. 1 and 2. ) 

The figure shows the zyiiu)^«'n granules of the inner ixHlion of the 
glan<l-<*4*lls. 

Tt*chni('.: PoUtssiuni chroiimtc-fonualin. HtMnatx)xylin-eosin. 
Hcfcrcnce letU'rs: caz^ (.k*ntro-aciiiar (tIIs; Z//, zymogen granules. 

zifiaofjcn f/rann/rs on the side* towanl the Iniiioii. It is 
(liffictilt to ()l)s('rv(' a Iihikmi in the secretin*^ tiil)iil('s of* i\w. 
|)juuT('a.s, siiur tliis is generally filled with flattened cells 
known as vrnfro-itrimir rrlls^ wliiehare I'e^arded as a con- 
tinuation of tlie Hatt<'ned cells lining; the loiifj 'nifcrinvdUinj 
(lurf of the pancreas into the Innien of* the secretinjx tnhules. 
Salivary ducts are entirely lackint^ in the pancreas. The 
intermediary ducts ])ass <lirectly into the branches of* the 
main excretory (hict, the pancreatic duct. The lattcM' has 
cnhic to cohnnnar, occasionally almost flat epithelimn, 
which is alwavs in a single laver. Besides the tnhnlar 
system ahove described, the pancreas contains certain 
structures known as th<' i>lan(l> or (frcas of L<iii(irrJi(ins. 
The meanin*:; (d' these .structures is still obscure, althou<rh 
it is trcnerallv believed that th<'V Ibrm an internal s<'cre- 
lion. Thcv are cnnipoM'd of trabccuhe and >rj»la of epi- 
thelial cell- which neitln'r I'oi'in tul>ulrs noi* enuncct with 
the cxerclorv dnet-^ bv m<':ni> oi" iulcniicdiarv duct>, but 
aw surroundcil by dewse eai/illarv nctwoiks. 
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The smaller glands of the mouth usually consist of but 
one duct system. The single excretory duct is lined by a 
columnar epithelium, usually in many layers and occa- 
sionally ciliated. Their tubules are sometimes mucous, 
sometimes serous, and sometimes mixed (see page 153). 

The salivary glands are rich in blood-vessels ; numer- 
ous capillaries surround the tubules. In the interstitial 
connective tissue are found the neuraxes of sympathetic 
neurones, the branches of which probably penetrate the 
membrana propria and end free between the cells of the 
gland. The interstitial connective tissue of the sublingual 
is rich in lymph-cells, collections of which occur, appearing 
like solitary follicles, but having no germ centers. 

THE LIVER. 

The liver is a large compound tubular gland with anas- 
tomosing tubules. This condition can, however, be recog- 
nized only with difficulty in the fully developed human 
gland, as the original character of the independent tubules 
has been almost lost. There is also an intimate relation to 
the vascular system which dominates the arrangement of 
the former tubules. In this account of the structure of 
the liver we will give first a purely descriptive considera- 
tion of its structure, and in closing will attempt an eluci- 
dation of the tubular character of the organ. 

The liver is surrounded by a connective-tissue capsule, 
known as the fibrous capsule or capsule of Glisson, which, 
at the hilus of the liver, extends into the organ with the 
blocxl-vessels. In many animals — for instance in the pig 
—each liver lobule, the anatomic unit of the liver, is 
surrounded by connective tissue from Glisson's capsule. 
In man the connective tissue of the liver is not so well de- 
veloped and only for a short distance does it form the 
boundaries of adjacent lobules. The liver lobules are nearly 
cylindric stmctures. They consist of anastomosing tra- 
IjN^ulse of liver-cells, which show a distinctly radial 
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PLATE 45.— LIVER. 

Fio. 1.— Portion of a Transverse Section of the Human 
Liver. X J^'>. 

The preparation was taken from a nian who had been executed. 

The ligure ohown a numlier of liver lobules in crot»-Beotion, which 
are relatively well separatisl from each other. 

Technio: Zenker *8 solution. Jleniatoxvlin-eoHin. 

Reference letters: c/, Interlobular connective tirtMue of Gliason's 
caimule; db^ bile-duoto; fr, intralobuhir or central vein; vpj branches 
of the portal vein, interlobular veinA. 

Fi(}. 2. -Portion of a Transverse Section of a Liver Lobule. 

X 'iHO. 

The figure shows the relation of the cords of liver-celln, their radial 
arrunKement, and their anaMtomoseH. Some cells have two nuclei. 

T(i:hnic, etc., as in Pig. 1. 

Reference letters: c, Capillaries; /, fat droplets in liver-cells. 



arrangement from the axis of the loUuIo. Each trabecula 
consists of liver-cells arrange<l in close rows. The c<?lls 
arc larti^c (15— 20 //), irrcpilar, polyhedral, have no distinct 
cell nienihnine, and are rich in protoplasm ; they have 
relatively small miclei ((piite fre<|Uently then' are two). 
In the fresh condition the liver-cells are di>tinctlv turbid 
and ^ramdar (glycogen granules), and also ('ontain ilit in 
smaller and larji^er droplets and hile pigment. Contiguous 
liv('r-c<'lls an* in immediate contact and thus form cvirr/^ 
(ff nlLs or trabccuhe, consisting of one or two rows of cells 
an<l anastomosing with n('ighlH>ring conls without the in- 
tervention of the membrana propria. 

The arrangement of these ro/v/.s of Uvcr-cdU is de- 
IM'udrnt upon the arrangement of the bhxxl-vessi'ls, 
which should therefore be considered first. The aiferent 
vessel of the liver is the portal vein. The hepatic arterj' 
supplies only the walls of the bile-chicts, the interlobular 
e<)ime<*tive tissue, and the (disson's capsule. Its capil- 
laries pass <lireetly into the branches oi* the |K>rtid vein. 
Terminal branches of* the portal vein run as rcntr inter- 
lohiiJan'H in the conne<'tive ti>sue between the lobules. 
Kach lobule receives braiK'hes from several interlobular 
veins. The interlobular veins run in company with the 
small bile-ducts and with the arterial branches which 
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PLATE 46.— LIVER. 

Fio. l.~PortkNi off a Cro«s-sectloii off the Uw of a 
ItabMtt Which Hm Been Completely Inlected. X 45. 

Hie figure sbowt • liver lobnle in tnuvvene fleofclon with inj ecied 
▼enelfl, together with edjoining perts off nei^boriqg lohuki. It eifee 
e seneiel view off the difltrilmtkm off the olood-vetBele in the Tivor 
(bUe-dnots in the intorlohiilar eonseotive titBoe). 

Ttohnio: Injeotion with Berlin bloe gelatin. MUller's fluid. 
Borez-oennin. 

Refteenee letten: «, Gftpillariee; A, bile-dnoti; ee , erainl or lBte»" 
lobnlar vein; ei^ interlobiuar veins. 

Fio. S.— 1^»rtloa off a Tnuisvene Sectloa of a RnbMt'o* 
Uver Treotod by the Oolgi Mothod. X aoa 

The Hgnre ihowB the bile eepillariei bkokened by the Golgl 
method. Then ehow many abort, fine, blind p r o o ewe e which extend 
into the pntoplam off the liverHselu^ abort, intraeellnlar aeoretliiig 
capillarlea. 

Ttohnie: IMtMBfnm ohromate-ffonnalin. Silver impwgnatfon no^ 
eording to Gkilgi method. Alom-earmin. 

Rflfeienoe letten: c. Blood ei^illwiea; Xi cell with many ''aeen- 
toiy oapiUarieB." - • 

supply the connective tissue and the walls of the bile- 
ducts. 

From the periphery of the lobiile the interlobular veins 
send toward the center of the lobule, through the network 
of cords of liver-cells, numerous larj]f(» capillaries which 
freqiiently anastomose. In the axis of the lobule runs the 
terminal branch or the radicle of the efferent venous sys- 
tem of the liver, the hepatic vein. This is known as the 
central or intralobular vehif so called fn)m its jK)sition in 
the liver lobule. It takes up the capillaries arisinjy from 
the interlobular veins. The central or intralobular vein 
runs exactly in the axis of the lobule, Wginuiug at its 
ajx^x by the confluence of capillaries (s(»e diagnuu) as a 
vein of the smallest caliber. During its course through 
the lobule it takes up capillaries from all sides, so that it 
increases in caliber and thus leaves the base of the lobule 
to open into the sublobular mii, a larger brancli of the 
hepatic vein. 

Each liver lobule is composed, therefore, of er)nls of 
liver-cells and the capillaries lying between tliem. The 
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latter border directly on the liver-cells and usually run at 
their edges. 

In addition to the liver-cells and capillaries, there are 
found in the liver lobule the following structures, which 
are made visible only by special methods : A connective- 
tissue framework witliin the liver lobule itself, which con- 
sists of very fine fibers forming very delicate networks 
around the capillaries, and known as " Gitterfasem,'' and 
of star-sliaix)d cells, tlie so-called stellate cells. The nuclei 
of the latter lie between the liver-cells and are usually not 
to be distinguished from the nuclei of the capillaries. 
Reticular fibers, as well as stellate cells, appear only after 
the use of special staining methods. 

Another constituent of the liver which is usually difficult 
to s(»e is the bile capillaries, very fine ducts, lying between 
the liver-cells, without special walls and opening into the 
bile-ducts. The cubic epithelium of the latter represents 
the direct continuation of the liver-cells, since, at the 
peripherj' of the lobule, some cords of liver-cells have 
lower and smaller cells which |)ass over gradually into the 
epithelium of the bile-ducts (see diagram. Fig. 54). The 
bile ca])illaries may be regarded as intercellular secretion 
capillaries. They are formed by the two half grooves of 
neighboring cc*ll-surfaces. They represent a very narrow 
and very fine network extending over the entire paren- 
chyma of the liver, which has finer meshes than the blood 
vascular system. In general the bile capillaries run over 
the surface of the cells, while the bl(X>d capillaries run at 
the corners. The bile capillaries, for the most part, form 
anastomoses similar to thase of the blood capillaries, but 
they also |>ossess free intercellular and intracellular ends. 
The latter are found as short processes projecting into the 
cell protoplasm and terminating in nodular enlargements. 
These may probably be re-formed and also disappear again. 
The finer bile-ducts have a single layer of cubic epithelium ; 
the larger ones, columnar epithelium with cuticular border. 
The epithelium of the gall-bladdcc iti siviivl;v.t. 
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Plate 47.— liver. 
Fin. t.— Portion of • Transverse Section ol the ln)ected 
Uverof aRabbit {BlootI Capillaries Red, BUe CapiUarleA iUucj. 

X3KP. 

MnUrriol fmiu iIip Iiulitnbr for Oiniimmtivp AnnUmiy, W fmlnirK- 

The Uicuro iciti'H n tn-uei»t vivw ul tlje two cat>l1)ni7 nelumka nod 
thrir rrlatioii to Uu> cunU at livur-relln, 

Pm. -J— More Hlfchly Magnified Area of the Same Prepara- 
tlon from the RabMt's Uveras FIk- I> X soo. 

Th* Rgare nhnv,* IiUkdI mpitloriw, bile rapillnrink, and liver -vtllii 
hi their iiiiuiul ri'laticiri, Slariy itt llie 11%'pr-wlU contain tw" miclri 

■{pfcreniv Irttrni: r, Bloixl i«]iini(riiw; g, biiaoaiiilloricn; x- (>II<>d 
Nida ot biln cnpi""''!"!' 

Tlic IKTW8 of tho liver are mostly non-mwluIIalMl, th« 
iii'iimxei) of symiwllK-tic iicuront*; tlicy run witli tlie 
artcriwt, vetop, and bik--ducU!, and tcmiinatt in the wall 
mid ciiitliiOium of tint ItiliMliKiLt, in llic wntln nf the veSf«Iis 
and probably hIho on the Uvcr-oetls. 

We may iinngino tlmt two nnglilioriiig oords of tiver- 
colls, with the bile capillaries lying iR-twwn them, repre- 
sent a forniiT liver tubule without u menibrana propria, 
the grpHlly reduced hinien of whirh is the liiU' mpillarj* 
whose wbIIm are fiirm(>d by tho two iiveroells. While tlie 
Willi uf the tubule of tlie liver iu nitin, at leu.>>t in the 
adult, is f^^ncniUy formed of hut two celb, in many auimals 
and uli«o in tliu human embrj'o mon' than two vella InhiikI 
the bile capillary, i<o tlmt tlie liver tubule i» qiiitu similar 
to that of Hu ordinuiy tuliuJar gUind. Each n>w of liver- 
eelU would at the name time belong to two or mon? tubules, 
as uBuailya bik'oapillary ninsou iwOi nirliieeof the Uvcr- 
cell. Aeeording to this concepiiori eaeli liver lobult^ wm- 
sistH ori^iiially of n inimlK^r of tubiilvit arranged mduUjr 
to the axis of the lobule. 



VI. THE URINARY ORGANS. 

T\ie kuliiii/ is a (rompound tubular jiland, with thetireter . 
as ita excretory duct. It is Burrounded by a connective* j 
tissue capsule, the lunica albughun. I 
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The urinifermts tubules form the parenchyma of the kid- 
ney. The secreting portion of these tubules lies in the 
cortical substance, while those {wrtions of the tubules which 
form part of the excretory system are found mainly in the 
medulla. The excretory ducts terminate at the apices of 
the medullary pyramids. The beginning of each urinifer- 
ous tubule is found in a spheric portion invaginated by a 
plexus of arterioles and capillaries. The plexus of arterioles 
and capillaries invaginating the beginning of each urinifer- 
ous tubule is known as a glomerulus^ and thi^ with the 
invaginated end of the tubule, known as Bowman^ s capsule^ 
constitutes a Malpighictn corpuscle. Bowman's capsule is 
a spheric, double- walled structure, invaginated by the 
glomerulus, so that its two layers are almost in apposition. 
The narrow interspace which remains is the beginning of 
the lumen of the uriniferous tubule. Both layers of Bow- 
man's capsule, especially the invaginated ** visceral " por- 
tion, have a very much flattened epithelium. The urinifer^ 
oua tubule itself is a much convoluted tubule of considerable 
length and of characteristic structure in the various {wr- 
tions. The first portion, adjacent to the Bowman's cap- 
sule, is tlie tubulus contortus. Its lumen passes over directly 
into that of the ca{)sule, its cubic epithelium changing 
quite abruptly into that of the capsular wall. The epithe- 
lium of the tubuli contorti shows generally very indistinct 
cell boundaries and a distinct striation of the basal portions 
of the cells ; on the surface toward the lumen it pre- 
sents a striate<l border resembling a cuticular formation 
similar to the rod-like border of the intestinal epithelium. 
This striated border is not always to be found and is siiid 
to be influenced by the functional condition of the kidney. 
The Malpighian corpuscles and the tubuli contorti always 
lie in the cortex of the kldnev. 

Following the contorted or convoluted portion of the 
uriniferous tubule is a segment which has the form of a 
looj), formed by two parallel limbs, and extending deep 
into the medullary substance ; the depth to which it ex- 
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PLATE 48.— KIDNEY, 
(*ortlon of ft Vertical Section of the Hunuifi kidney. X R. 

The preparation wb« lAkrn rroui n miui H'hn luul 1ii«ti cxiwuivil, 
TLu H^un- ^vM » K<Mii.'ral liew tit llie itiHlfilniliuii vl \Me curlicul 

and mcdullitry HabntAiioe ul tho kiilucj'. Tlu- atxiion cxU-nils troui tbc 

capaolo into Uik pnpUln. 

Tinbiiiv: MUller'H Ituid, Hemntoxylin-wMiiii, 

Hclercsop letters: a, ArtcrM luvJIonniB; er, Malpighlan tttf^ 

my* of cnrtvx; k, cort«x; m, medolla; if, tuiiicA albaginoA. 

tt'Dil)! into the nK>du]larv Hubstaiict; depcixli^ upon tho (1m 
in the cortex <it' the Malpighiou corpuscle of the respec 
tubule; thiri Io<jp strucluro of the im'nifeTOns tubulA.-I 
known as Ihnlr'x hop. It efni!«ifit{* of a tliin, long A 
attending limb, wlileh \ias quite flnt i-pitholiuin aii(t a r 
tively large lumen, anil a sliorter, thicker aNccudiug I' 
with considerably higher epithGlium of flattened 
shape resembling that of the (H>nvoluted tubules, 
somewhat lower and with indistinct cell boun<lurics. 

The ascending limb jMism'S into tlie cortical subintaiic'c 
and continues as a i;hort, slightly convulut^^d portion of tin 
tubule, the intennedUiry poiiloa. It lies near the nieiliil- 
lury rays of the cxtrtcx and always lies dw|M.r (hiin ll" 
couvolntfd tubnle belonging to it The epithelium of iln 
inU;rme<iiai7 jxirtion is formed of non-striutwl uoinniniu 
cello. 

The intermpdiary jwrtion is followed by the struiglit 
utiniferous tubule, which is situated in the medullary nij> 
of the corti.'x of the kidney. The strniglit tubules or &>]- 
lecting tubules form the beginnings of the excretor>' duct 
system. Each collecting tubnW (akcs up wveral urinifer- 
ous tubules, and in the tuedullary rays, and especially in the 
medulla, they nuito at acute angles to form lai^r collect- 
ing tubules; and finally, with still greater increase of ciililxT, 
they form i{\ti pupUiary dtu-t opening on the area eribrosa of 
the jNipilhi, The collrvtiiu} tnba have at first cidiic epithe- 
lium ; later it Iwcomes columnar, and the jiapillary duct 
iiati tall columnar e^iitWVwvtw. ^ 
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The entire uriniferous tube possesses a structureless 
membrana propria, which, however, is not equally distinct 




Fig. 55. — Dia^j^rammatio representation of urinary tubule: cgl^ Cap- 
sule of glomerulus; dp^ ]Mipillary duct; A,, narrow proximal limb of 
Henle's loop; A,, wider distal limb of the loop; 9r, collecting tube; <c, 
contorted or convoJuted tubule; 8cA, intermediary portion. 



in all portions of the tube. Between the uriniferous 
tubules there is found a small amount of interstitial cotw- 
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ITO THE UElXAEr OBQAJfS. 

PLATE 49.— KIDNEY. 
Fju. 1.— Portion of a Vertical Section of the Cortical Sub> 
stance ol the Human Kidney. > *!>■ 

Till' prTinTBtJoii witH lukni trcjiu n iiuin wlio bwl briea exmiiiUkI. 

Thr IJkiiiv HhoTVH tlitril Isr.riUntlon nt tlii' Mrni^bt niiil i.'uiiv»luUil 
tubulM UH vvell an u( tlif Malpifcbinn uurputvlcs. 

Tec'iinid-. Zcnkdr'i mlution. Ilanuitax)'liu-en>iii. 

Rfitcrence Ictten: nr, Coiivolutml tuhulea; gt^ glnmernliim-, iiiMIul 
lary tuvm; tf. Utnka ftbruM or albugiuiM: li, luterBtitlal tlwuo with 
blood -v<wk 

Kio. 3.— Small Portion ol the Cortical Substance of Iho 
Human Kidney. Showlns the Transition of a Convoluted 
Tubule Into the Bowman's Capsule. > 'i^i. 

Tlie ligure nboHHaKloincruliu «iUiiii lis cni^ulp. Tin- flntlelK-d 
ppillipllum nf the Inttcr ptMir* immixliaU'ly over into thr cubits oiillbt'' 
lliin) of a oanvi)lul«d InWe. In addition to this, ve we tnnsveiwi 
nvtiuiu of tlir ninvolnted tnbulM with Btriat«il epit^eliam, without 
Dpll bntindnrira, and aim twctioDS of the intermediary tnbulea. 

Twiinlc, ck'., lut in Ki«. 1. 

Iteferennu li-tk m: rgl, Bowiiian'B capsule; gl, ^lomeniliiN; Srh, inteT- 
mnlinry portion; tr, ixinvolntcd tahales; ii, inl^ratitial conDvctive 
timing; X- inU'nueiliary [Kirtioa rut tiiiiKentially. 

Flo. ,-).— Epithelium of the Convoluted Tubules of the 
Human Kidney, Showing Striated Border. X OfH). 

The Rinire shown a portion of tbe epithetiutu of the convulutMl 
tubule, which prn>eiit8 (he wriaMl bonier, but no basal strlatioii. 

Tcohiio, etc,, as iu Fig. 1. 

nedlve titviu, containing the blood-veseels aiid nen-es of 
tlH- kidney. 

The blood-ravels of the kidney are worthy of note. 
Tilt' nrli-rii-ii cntrr tlic kiilnry siilwtimix^i at tlie tiiiH' of liic 
pyramid, near tlie iwundiiries of the o«i1iimn8 of Itcrtini. 
Hi^rc tlie niiiiii trunks of the n-nnl nrtory bntnrh into the 
arteritE arcaformes, arching nt the iwiinduries of tlie cortical 
and medullary BUhfttani^e. From the nonvex side of tin* 
arch, which is turned towani tlio cortienl Bid>ataiice, 
braiifhes nriite, tlic w>-called inierlobviar arterie",^ wliich 
ascend into the cortex, between tJie medullary mys t'lward 
the siirfnoe of (ho kidney, and give off the vaan affereutia 
for the glimicriili of tlic rcnnl cor^Hif^cles. Tht' ;/lnnuntU 

' Su Hillpil tKwnuao t\ie piirti'>n of the nriiiar.v tubiilitt liflnng^ng 
. to one psjilllar; dnct in TTtatniiil on ii renal lolralc. The n-oal lobulw 
^tftnnr, not sc^^icinUud tvtnu ewAv M\wi . 
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t^resent retia minibilia, tlie cllerent branches of the 
glomeruli rarryiug arterial blucMl. Thf gloinfmli of tho 
kiJnoy are therefiire itn-lostKl in the arterial circle. The 
afferent veBscl, vas afTc'rens, as well as the- smaller i-fferent 
vessel, the vas ellereiis, arc arteries. The vascular wind- 
ings of the glomerulns show the structure of capillaries, 
pnseegging a ^ncitiul euilntheliiun, Imt they are larger 
than ordinary capillaries. From the vasa efferenliaof the 
glomeruli aritie true capillaries^, wliich are distributed in 
mrt to the convoluted tubules of the cortical substance and 
1 part extend as very small straight aiteries, the so-called 
teriolee rcclje, into the medullary substance. Cortical 
inches also arise from the terminal bmuches of tlie in- 
lerhibular arteries. 

From a number of capillaries and very small veins, the 
wins of the cortex of the kidney collect quite suddenly in 
"tt<e cortical substance just under the cojisiile to form the 
vtnula: licltnliF, which ser\'o as points of origin for the 
intertobuiar vciwi; these take up I be capillary blood from 
the deeper jiortions of tiie (wrtex. They accompany the 
interlobnhip arteries and jiass over into the unifE arciformcs, 
wliicb, in position and other conditions, correspond to the 
arteriie arciformes. 

While tlie cortex of the kidney is very rich in blood- 
vesHelfl, the reverse is the case in the medullaiy portion of 
the kidney. As the lai^ vessels of the kidney run at tho 
boundary of the cortex and medulla, no hirt.-e iilootl-vessels 
are cmitjiined in the mednlla of the kidney. Tbo arterial 
and vcnourt trunks of tl»e me<lullary jtortion of the kidney 
_Are chunicterizeil by a straight course parallel to the course 
f{ the tubules and are known as the arteriole and venw 
setie. The ea|)illarie3 form a long-mesheil network. The 
teries of the niedullury subHtance are in part dire<?t 
[branches from the oonoavity of the arteria arcifnrmis, 
Wrtly vafia effereutia of the deeper glomeruli, and partly 
Beep direct branches of the interlobular arteries. Tlie 
rect« ojen directly into the vente i!k"re!.fav» 
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PLATE 50.— KIDNEY. 

Fio. 1.— Transverse Sectioa off the Mednllafy Sobetaaee 
of the Human Kidney. X 150. 

The preparation was taken from a man who had been exeonted. 

The figure shows sections of huge coUeotinff tabnlea with oolnmoar 
epithelium; smaller tubules with flattened onoio cpitheliam (deaoeiid- 
ing limb of Henle's loop) and oross-eeotions dl capulariea. 

Ttehnio: Mnller's fluid. Hematozylin-eoein. 

Reference letters: e, Blood capillaries; if«i, aaoendii:^ limb off 
Henle^s loop; A„ descending limb of Henle's loop; <r, ooUecAing 
tubules. 

Fia. 3.— Portion of a Transverse Section off a Human 
Kidney Injected through the Arteries. X 16. 

The figure shows the boundaries of cortical and medullary subetenoe, 
and the adjacent parts of both. It shows the principal relatlona of the 
renal arteries. 

Technic: Injection with Berlin Une gelatin. MUUer*s fluid. 
Borax-oarmin. 

Keferenoe letters: aiy Interiobular arteries; wr^ arteriole rectB; ft, 
glomeruli ; va, vena aroiformis. 



Direct anastomoses between arteries and veins occur in tlie 
kidney. 

The h/niph-vcHAch of the kidney run in company with the 
arteries ; likewise', the sympathetic iicrven form jJexnses for 
the l)Iood-vessels and can 1h» followe<l even to the glomeruli. 
Sym pathetics nerve-fihcrs terminate also on the epithelium 
<»r the uriniferons tubules. 



PLATE 51.— Kidney. 

Fio. 1.— Two injected Glomeruli off the Human Kidney. 

X li.U 

Kcfirrenci' Ictt^'ra: ivi. Viw affcn'iis; tv, vas offi'rens, 

Fi<}. 2.— Portion of a Cross-section through the Kidney off 
a Guinea-pig, injected through the Vein. X l*")- 

The fijjure hIiowb tlio entire thickneHH of the cortical 8iiliHt«nce and 
the ^^»aUT portion of the mwliillary Hulfstcance. Only the veins 
and eupillari(.>s are injected, and not the arteries; henoe not the glom- 
eruli. 

Technic: Injection with IJerl in blue gelatin. Miiller^slluid. liorax- 
e-jirinin. 

l\eferenc<^ letters: r,, Capillaries of the cort<»x; r,, capillaries of 
the nieihillary siilir* twiner; ni\ wMliejil sul>stanee; /tm, nie<liilla; »v/, vena 
an'iforinis; rr, venulie rcf'tie; vst. veniilu; stellatu.', jxirtly jKLssing into 
tho vena; interlobulares. 








'%■&'■'■..'■.< '• 



I 



Iiff.1 



i -'V.^'if'''i'' 






l,Uh-An*Lt" H*'"-*"" 



V 



THE EFFERENT URINARY PASSAGES. 173 



THE EFFERENT URINARY PASSAGES. 

The eflTerent urinary passages include the calicea and 
pdins of (lie kidney^ the ureter^ the bladder, the female 
urethra, and the beginning of the male urethra. These are 
all lined with the same epithelium, the so-called transitional 
epithelium (see page 32). 

The mucous membrane of the ureter and its radicles, 
which is much folded when empty, consists of a thin con- 
nective-tissue membmne containing elastic fibers, which 
passes without distinct boundaries into the submucosa. 
There are no glands and no muscularis mucasae. The 
mucous membrane contains numerous lymph-cells, which 
occasionally form larger collections and are also met in 
the epithelium. The musculature of the ureter is charac- 
terized by scattered bundles of muscle separated by con- 
nective-tissue bundles. It is most fully developed in the 
lower portion of the duct. It consists there of inner 
longitudinal, middle circular, and outer longitudinal bun- 
dles. The latter are almost entirely lacking in the upper 
portion. The musculature is surrounded on the outside 
by a connective-tiasue adventitia. The blood capillaries of 
the mucous membrane of the ureter are in direct contact 
with the epithelium, so that in the folds they seem to lie 
in the epithelium ; they lie, however, in small folds of 
the mucosa practically comjwsed of the capillaries. 

The bladder is very similar in structure to the ureter. 
The epithelium of the two is the same. The mucous 
membrane of the bladder shows the same characteristics 
as that of the ureter ; it not infrequently contains small 
lymph-nodes. The submucosa, also, is not well separated 
from the mucosa and contains adipose tissue occasionally. 
The bladder, as well as the ureter, contains no glands. 

The musculature of the bladder is much more developed 
than that of the ureter, but it presents the same lamina- 
tion, an inner and an outer longitudinal layer and a mid- 
dle circular. The muscle layers, especially the imier 
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PLATE 52.--URETER, BLADDER. 

Fm. 1.— Trauvene Section off the WoH off the 
BlaMer. X 16- 

The prapanlioii ivw taiken from a man who had been ezeentod. 
Hie hgmjjtrm a general view of fhe elrnetaie of llie bbdder. 
TBohnIo: Zenker'a eolation. Hematozylin-eoein. 
Bef^ranoe letton: oIm, External loogitodinal layer of mnacde; tpf 

3rftheliam; Cm^ InuHr longitudinal layer of monle; na, efaeolar nraa* 
e layw: mm. eabmnoaea; le^ tonioa adventitia: fp, tonioa pnprfak 
Fio. 3.^Tnuisvorao SectkM through the Hnniaa Oreler* 

xaR. 

The prapaiBtion naa taken from a man who had been enontod* 

Hie flffiin glTM ageneial Tiew of llie etnietare of the ineter. 

Tbobiuo: Atnolato alooboL Hematoxylin-eoain. 

Befemioe letters: ai; Eactonial loogitodinal layer of mnaote; tp^ 
cnitbeliwn; Oml inner lopgilodinal lajer of mneole; JL Inmen; rM| 
eiraalar moole layer; wbi aobmnoaaa ; le^ tonka adventitia; fp, tonioa 
propriai 

longitudinal layer, show distinct reticular arrangement of 
the fibers. The wall of the bladder of amphibia con- 
tains perfect networks of smooth muscle-fibers (see Fig. 2, 
Plate 58). The upper and posterior portions of the blad- 
der have a serous covering of jwritoneum. 

There are said to be no lymph- vessels in the mucous 
membrane of the bladder ; they occur in the musculature. 

The outer portion of the female urethra is lined by 
stratified pavement epithelium, while the inner is lined by 
transitional epithelium. In the outermost portion of the 
female urethra are found miu^iut glandtt. The mucous 
membrane contains numerous veins, forming a dense 
network. The female urethra is surrounded by a well- 
developed muscle, which is arrange<l mostly in circular 
layers. The inner layer of this muscle, in which the fibers 
are arranged longitudinally, is i)ermeated by the venous 
plexus of the mucosa. 

For the male urethra see the male reproductive organs. 
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VII. THE MALE REPRODUCTIVE ORGANS. 

The testis is a c^oinpouiid tubular gland, with an anas- 
tomosing duct system, which is surrounded by a firm con- 
nective-tissue sheath, the tunica albrnfinccL On the pos- 
terior surface of the testis a wedge-shaped connective-tissue 
structure is found, known as the mediadinum testis or corpus 
Highmori, from which pass vascular connective-tissue 
trabecule, the septula testis, to the tunica albuginea. 
These bound the several pyramidal lobules of the testis, 
the lobidi testis. The lobules contain the greatly con- 
voluted tuhuli seminiferi contortij the true parenchyma of 
the testis, between which strands of very loose connec- 
tive tissue are found. In addition to the nerves and 
blood-vessels, the interstitial connective tissue of the lobule 
in man contains a varying number of large pkisma celts 
with relatively small nuclei, w^hich contain fat droplets, 
pigment, and crystalloids. In many animals these inter- 
stitial cells, also called interstitial tc»sticular cells, are very 
well developed and scarcely less prominent than the 
parencliyma, — for instance in the testis of the boar, — 
which therefore appears brown in cross-section like the 
liver. 

The convduted tubules of the testis begin in the lobule in 
the neighborhood of the albuginea, partly in blind ends 
and partly branched reticularly. Toward the boundary 
of the meiliastinum testis the tubules bi^come less con- 
voluted and finally straight, forming the tubuli recti ; these 
continue into the rete te^is situated in the mediastinum. 
The latter represents the beginning of the excretory duct 
system. 

The walls of the convoluted tubules consist of several 
nucleated layers, which have on their inner surface a strati- 
fied epithelium varying in appearance and structure accord- 
ing to the stage of spermatogenesis. For the same reason 
the size of the normally relatively large lumen varies. 
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PLATE n-— TESTIS. 
Fm. l.~Transverse Section of the Testis, Epididymis, and 
Vos Deferens of a Child. X lO- 

Tlie flgure n'prtnwnU the gitnutul picture of the tcHtis and ita 
adnexB. 

Technio: MUUer'e fluid. IIc-mBtAxylin-<Hwiin. 

IteTerence lettera: bg, Blood -vchwIh [enix^uilly veinK of the pleziin 
panipinttormiH) j dil, vm defcrena; Ep, epididymis; /, lohulefl of tCBtis; 
m, iiicdiaBtinuin testia', rt, retu testia; 8, Deptnlu tastia; T, tesUs; to, 
tunica alhuginea. 

Fio. 2.— Portion of a Transverse Section of a Lobule of tlw 
Human Testis. X OH- 

The preparation was tnkf n from a ninn who hod bet^n executed. 

The lignre ehowH the crom-Hi'ction of the oimvoluted seminiferooii 
tubules and of the intentitiul tiiwiic of tlie tf ntifl. 

Technio; Zeiiker'H mlution. Henintoxylin-cotdn. 

lieicrt-noe letters: Ic, Convoluted tubules; U, iutentitisl tiame; Z*, 
interstitial oells. 



During s|>(Tmuti>p'iii-sis l!n> (')iilli('liiim of l!io (ymvoliiteil 
tiiliiih's is wjiiiTuiicc'il tliiit llie voiintrvst gviicnitioii of wlls 
is nr.irest to tli<> Iiimh'ii, iIk' t.hl'st Umnnl (Ik- v^hW of tlie 
(■:iiinl. Til,- secivli.iii of III,' wmiiial tiilmW consists of 
till' s|ii-ri]Uito/i>;i or sjnTrniiti>simnv, iHt'iiliiir motile ct'lls, 
coiisi.st i riff <>i' tlirci" coiiJ-titticuLs — tim IhwIj- or head, the 
iiiicl.lle piece, iiii<l the tail. 

I'lulcr Iii;;lier ni:iniiitir!itiiin, oilier striii'tiirnl pecitlijiri- 
ties l)eloiii;iu;r to llic s|M'niiii((i-oiiies are ohserveil in inimy 
of the lower verlebnites, iis well as in tlie liiylicr aniniaU 
aiui Miiui, nolalily a tail lilx-r and an iindiilatiii<; ineinhrauc. 
The head eoiiMst.s of aliiK.st pui-c' eliroiiiatin ami is the 
niich-iirt of tlie Irjinsfcrimd eell. In the inidtlle pieee the 
eentnisonie is rejiresenled an<l the tail tiber, \vhi,;h is eliar- 
aelt-rlzed liy wlji|i-like iiioveineiits, is probalilv |ircitophis- 
inie. Ill the fresh slate the head appeani .lark, the 
iiii.l.ll.- pieee qiiiie eli-jir and transpaiviit. 

The Tiiatiire r-|i<'rinat.(isonies nf man iire al">iil ."jO/i hm^r; 
tlie liva>l U ellipiir, ahont -1 » Ion- and -2}. n l.n.ad. w'ilh 
th.. anlenur end somewhat Hatteiie.l, s.. t'li'ilt in lateral 
view it ap|H.ai-s jiear-.^hape.!. The middle pieee is namm-, 
short, eyliudriej uiid tlie tail til>er is long. The x^n'muttu- 
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aomts arise directly from one of tlip cells of the tubules of 
tlie testis, the so-called spennat'uh, or sperm-wlLs. Thrse 
arise by roitolic dlvisioa from the mother sperm-cells, or 
Kjiii-malwijlex. The spi'riuatocjtt's urise from the primor- 
dial cells, or the sjimnaingontn. 

Besides thi- three gi'iienitiona of cells wliosi' eiid-pro- 
ducts are the c^ellulur secretion of the testis, the spermato- 
Mtmes, another variety of epithelial cell is found in the 
epithelium of the tubuH contort! of the testis, whicli takes 
no part in the process oi spermatogenesis, but which serves 
as a supporting dement for tlie mature spermatosomes. 
These cells are known as Sertoli's a'lla. Each celt has an 
elongated nucleus, often pointed toward the lumen of the 
tubule; in comparison with the nuclei of the other epithe- 
lial cells of the testis, it is noteworthy on sccotint of tlie 
small amount of chromatin. In the resting state the 
nucleus is surrounded by a small amount of protoplasm. 
In moult mammalia the nuclei of tlie Sertoli cells lie adja- 
i^cnt U> the wall of the tubule. In man, liowever, the 

iclei of liie Sertoli cella lie nearer to the lumen of the 
lule, 80 tliat tlie pedicle of the spermatohlaists is very 
>rt. 
_ The traneformatinn of the spermatids into spermit/oMomea 
takes pW« in the following manner: The spermatids are 
quite small round cells with spheric nuclei. The cells 
assume an oval form, the nuclei being also elongated. 
The latter l>ecome ricli in chromatin and at the same time 
smaller. The nucleus tlicu recedes to the side of the cell 
away from tlie lumen of the canal. A gn>up of these 
luelamoqihoseil spcnnatids now enter into close relation 
with a .St-rfo/i cell, with the protoplasm of which tlieir pro- 
toplasm fiises. By this means a structure develops, which 
is calle<l a sptrmnttil^aid. Each spermatoblast consists of 
the niiclens of the Sertoli cell, generally lying nest to the 
shwith of the tubule, of a pmtoplasiiiic [>edicle. and of a 
bniud protoplasmic mass adjoining tlie lumen of the tuhnle 

id consi'-tiiig of tlie fused cell-bodies of the syen)iia.<ii6„ 
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PLATE 54.— TESTIS. 

ThBfigwrmtf Hii»fXiale rqpreieni porHom tf ike eomnhUed ttAtOm ^ 
IA0 kitmam feifii, durinff tkeproeem of tperwiaiifemm. 

The nuiterUil for the prepaniiion was removed by an q;wnitfon, 
BeoHared bgr Profwnr Benda, of Berlin, and was fixed in iwtMihim 
bioihiomato-nitrio aoid. Iron-hemalozTlin-eosln. 

Fio. L— PortiM of the WaU off the Tubule of the Testiu, 
Shortly After the Evacua t i o n of a Qeueratloa of Spemat* 
oaome a . X4ao. 

The fianre stiU diowB lonie qjermafcniiwnce, which lie between the 
innermon hmn of nennatlde and aeveiml Uiy^v of ■permatogonea; 
between the latter and partly aleo between the qiermatotytee are aeen 
the nwdei of the Sertxdl eelb; all cells are in the resting state. Ov^ 
side is seen the membiaae of the tabnles, with flattened nnold. 

Fio. S.— A SpennatoUaat under Higher Magnificatloa. 

Xfioa 

Fio. a— i>Ortlon of a Seminal TulNile, in which tiie Trnnn* 
formation of tiie Spermatida into Spermatoaomea la Qotas 
on. X490. 

The Rpermatidfl are elongated, their nnolei are small, rich in chro- 
matin and exoentric, bat they nave no connection with the Bertoli 
oellH. 

Fio. 4.— Portion of a Seminal Tubule in the Stage Of Sper- 
matoblasts. X '120. 

The maturing spermatoeomcs with the Sertoli cells fonn complexes 
called spermatoblasts. Otherwise we find only spermatxK^'tes and 
spermatogonce. 

Fig. 5.— Portion of a Seminal Tubule In the Stage of Di- 
vision of the Spermatocytes. X 420. 

The spermatoblasts are present. Tlie spi^rmatocytes are seen partly 
in mitotic division and partly already divided. 

Reference letters for Figs. 1* 3, 4, and 5: h, Conneciive-tissne sheath; 
ffii\ mitoses in spermatocytes; gjM^ spermatoblastH; »pe^ spennatocytes; 
^POi s])ennatogones; 8pt, si)emiatids; »ptz^ spermatozoa; bZ, Sertoli's 
cells. 



As the elongated ct»ll-bodies of the spermatids do not en- 
tirely fu.se with the spermatoblast, this structure presents 
towanl the lumen jKiculiar processes corresponding to the 
elongated cell-bodies of the sp<Tmatids. In this pn)to- 
plasm the nuclei of the spermatids undergo the entire 
tninsformation into the heads of the sixirmatosomes, while 
at the same time the centrosomes of the sjMTmatids form 
tlu^ middle pii»ce of the sp<»rmatosomes. The contractile 
tail filaments develop from the i)rotoplasm of the sperma- 
tids and ])robably also iu \jart from, that of the s^jermato- 
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IWaatf^. Tlie preattr portiitii of the protoplasm of the 
■i|KTmatoI>laHt« is not Ufi«tl in llic furniatioii of the R|>cniiat- 
ii-omes, but breuks up in tlie luuieo of the titbule after 
tliese have oiilirtly matured and bceu set t'n-i: 

With thi! maturing of the cipennatosnmes ami their 
irusion into the lumen of the tuhiiles, their unioD 
Itlj tlie spermatoblasts cea.=es and tlie S<;rloIi cells re- 
turn to the resting staU-, later tu enter into connection 
with new generations of spi-rmatids tind form sjwrraato- 
hhists. As tlie secretion nf the testis eonsift.-* of cells 
arising from the triinsliinnation of the epilheliul cells of 
llie convoluted tubules of the testis, the eells thus used 
must be replaced by tlie division of the remaining cclb. 
This is done by the mother sperra-colls, wlucli are agalti 
regenerated by the sjiermatogiincs. 

The Kpeniudoyonfs lie between the Sertoli cells and tlie 
jwriphery of the tubidc ; tbey are quite small round cells 
with mielei rich in ebronialtn. By division of a sper- 
mabipino there are formed two daughter cells, one of 
which retains the position of the spermatogone near the 
wall of the tubule and remains a sjiermatogoiie ; the other 
daughter cell, whieh is situated toward the iuterior of tlie 
tubnle, beoirnes a mother s|»erm-oell or sperTnnl«>cyte, and 
increases considerably in eiite. 

The spermatonj/Un are large round nr polygonal eells, 
with lai^rc nudei, which show a distinct network of 
chromatin fibers. They lie in one or two layers between 
the s)tiTma(ids and ?|)ermatogone*i. By means of two 
mitotic divisions, which sneeeed each other with slight 
intermission, tiny pntducc n generation of much smaller 
cells, the above-deecribcd apermtiUdK, wbicli are in several 
layers. It may therefore be seen that the convoluted 
tubules of the testis Iiave a different appcaninee, according 
to the stage of sperm atogenesjs, II may lie stated that in 
mimy vertebrates, and especially in WTtaiu of the lower 
vertebrates, Uie processes of spermatogenesiti can be ob- 
seHi-ed much rnoru distinctly than iu man. 
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PLATC 55-— EPIDIDVMIS. 
Flit. 1.— Portion of « Tnuisverse Section of the Epididymis^ I 

X w>. ' 

The iirepBTution ww tiikMi from a mnn wlui Iind brpn expcsUd. 

The IlKum shows t)io criiHibfleclionii of the duclnii efferBnUs ' 

Twhiiic: Z(>nkor'a miIoiIdd. >{tmBh>x.vltii-4>miii. 

Rofi-rifniw IttUTB; bdg. l'«iiuefti\t> tissue; «i, miiscnlnrisi x. crypte 
of rplthtlinm. 

Fid. U.— Portion of Transverse Section of the Epididymis. 
X80. 

The i>iv|nntlr>n wn* takim tntin k nmii who hwl Iwpn rxMuttxl. 

The figure tdiuira the oouvoliit«d ductiui (fpidiUjmUliit cul M-venl 

T«<^nic: iCvnker'* unlatlon. Ciinino-heinatoxyliu-futin. 

lietereiiue iBlWni; bdg, CoiuiMitive tumiie; c, opjiillorits; fy, epithe-- 
llntn; /., lunirn; /r, Inukoc^ts; m, tnusoulnrU; njf, mombmna pmpri*; 
X, portloiu of Ilia oonal cut lAD^iititillj'. 



Tlie luLuIi acuiiuiieri cuaturli yexn dircvtlj' iuiu tlie 
tubuli recti and the rde testis. The tuliuli recti are very 
small canals, lined by cubic or pavement cells in s single 
layer. The tabuli recti unite to form a tubular network, 
situated in the mediastinum testis and known as the rete 
testb. The anastomueing tubules or spaces of the rete 
testis are lined by a non-ciliated flattened or cubic epithe- 
lium. From the tubuUr network arise from twelve to 
fifteen tubules, the vasa efferenda, which pass to the globus 
major of the epididymis. 

The blood^veasels of the testis form dense capillary net- 
works around the tubuli contort!. Numerous lymph- 
canals are found especially under the tunica albuginea. 

The nene» of the testis are non-modullated sympathetic 
fibers, whose manner of ending has not yet been fully 
determined, although they have been traced to the walls 
of the tubuli contorti. 

THE EFFERENT SEMINAL PASSAGES. 

The tubules of the epididymh, comprising the vasa 
efferentia and ductug fpididymidi», the vns defererut, the semv- 
jud ivaick, the prostate and urethra (see page 174), together 
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with the smaller and larger (/landular drudwesy belong 
to the efferent seminal passages. The vasa efferentia are 
large canals and are lined with two kinds of epithelial 
cells ; the cells of one variety are of relatively high col- 
umnar shape ; of the other, low cubic. The cubic cells 
lie between groups of the columnar cells, so as to form 
intra-ej)ithelial crypts. These crypts are r^arded as 
intra-epithclial glands. The columnar cells are usually, 
though not always, ciliated, making the crypts appear still 
deeper. The epithelium is surrounded by a single layer 
of smooth muscle-cells and a thin layer of connective tissue. 
The vasa efferentia unite to form the ductus epididyinidis, 
which is much convoluted in tlie body of the epididymis 
and is lined by a stratified ciliated epitheliiun, consisting 
of two layers of cells (see page 31). 

The layer of cells lying next to the lumen consists of 
very high, narrow, cylindric cells, whose nuclei alternate 
— that is, are at different levels. They bear long whip- 
like cilia, each cell having but a small number. The cells 
of the lower layer are spheric or somewhat flattened cells 
(see Plate 3, Fig. 3). 

Outside of the membrana propria there is found a rela- 
tively thin layer of non-striated muscle-cells, which is 
usually much more distinct in the lower portion of the 
epididymis, and especially at the transition into the vas 
deferens, than in the upper portion. 

The vas deferens is a long canal with relatively nar- 
row lumen, and esj>ecially well-develoixjd muscular walls. 
Its epUhdiura is similar to that of the ductus epididymidis, 
consisting of a two-layered stratified ciliated epithelium. 
It is seldom, however, that the ductus deferens is ciliated 
throughout. Attention may here be drawn to the fact that 
the epithelium of the st»minal ducts, like much of the 
epithelium of the seminal passages, undergoes manifold 
variations. The iimcosa, which can soarc(*ly be separated 
from the submucosa, contains no glands, but many elastic 
fibers. The muscuUtris is very well developed and forma 
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jopio foMs, whioh fiimi eiualler and larger diverticula of 
Pie mucous meiiihruiu-. Iii addition to these, there are in 
e poorly differcaliated stibmiico«i larger and more richly 
rnnchcd diverticula and also bratiched tubular glanda. 
nmscidaturp of the Beininal vrelcle ts irregularly 
ntnged, but it contains motitly circular fibers. In the 
Tlcighlx)rh(Mjd of tlic human seminal vefiiclcs we often find 
small i^ympathetic ^mj^iia of the niyo»])erniatir plexus. 
The secretion of the seminal vesicle is mucous. It U:;ually 
contains no spcrmatuzoa. In many animals, e!f{>ectally 
rodents (mous<', rat, guinea-pig), the set^retion of tlic sem- 
inal vesicle is ejaculated after the evaenation of tte semen, 
^t consists of a mass wliieh soon solidifies and closes the 
^ina as a vaginal plug for almut twenty-four hours. 
Iliese animals have very highly develoitod seminal vesicles. 
I The prostate is an organ corai>ose(l of glandular tissue, 
f relatively large amount of non-striated muselc, and a 
piatively small amount of connective tissue; it surrounds 
e beginning of tlie urcllira. The glandular part of the 
astjile consists of a number of branched tubular or tubulo- 
Bveolar glands, opening into the urethra by sejKiratti 
Tkcretory ducts; tlieae have a relatively large lumen and 
lined by columnar or cubic epilhelial cells. Thcsi* 
idile the serous cells of the salivary glands moi-e 
ian (hey do the mucous celts. Especially at advanced 
e the enlarged limiina of tht^ prostate gland contain strati- 
i concretions of a brownish color, the so-called prostaJic 
Between the separate glands and Utwwn ihc 
uH of the glands, many smooth muscle-libers are 
mod separated by a small amount of connective tissue. 
I The glandula butbouretliralis, or Cow)icr's gland, is 
plbulo-nlveolar, as it.s terminal ciimiiartments an? Jtartly 
Eubular and partly saccular. Like the snmllcr glands of 
the un-thra, it oontains cells which resemble the miieous 
cells of the salivary glands. Its excretory duet opens into 
^the merabranon." portion of the urethra. 
^L Thc-yj/Mi'/iiHiKjfthcinale ttretMa\MV'^\i\\W,'j;\'S«^«vs. 
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PLATE S7.-URETHRA, SEMINAL VESICLE. 
Fiti, 1.— Transverw Section of the Pars MembraiUGea 

the A1«]e Urethra. > \h. 

Tlie prcporntioii wn« Ijikmi tniin n iriiiri wlio litul hven nccnlcuL 
The ll)j;iire jiivtw u ij^f iitfial view ol tho struotare of Ihu iiinlti ui*ll 

under low iiut^nillcjitmn. 

Tcohnic: Miiller's lluiit-fumutlia. llcnuttoxylin-ronin, 
t{vfrr(-ii>.-^ li-tu-ts: hg, RloocUvnwrlN »t munoUB motubnuie Ifpic 

rp, epithelium; j/f urethral ic^axiA^ (l.ittre); they lie jiM-lly ill 

_._■ , .. ,1,. i_„, .^i jmril.v in the ninscnlnrw; /m. loiicitiull 
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niemiimDe. 

Fid, -J.— Transverse Section of the Upper End of the Hui 
Seminal Vesicle, x 1'^. 

Tho nivpomtian was taken frnm n nuin who hud been rxmntcd. 

The tfpm ivpmwnts a slitthUy uui^ill«il KViirnJ 

TmIiiiid: Zenker's KOlution. Hemntoxjrjin-twsin, 

RnteMiKe letlnrH; hg, Blood-vesaelii ia (he i^ventilial conneolt^ 
llMue; rp, epilhcllum ; gl, gliuul-like crypto oF tlie niUMua Diemhnuv. , 
/., Innien; if, tnnai'ulnrix; S, aetiretian retreolul from tlie wnll 1^ 
AliriiikiiiK) tp, lunicA propria or iniKniis iiifmlinuic. 
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portinoB. The beginning — t*i the opening of tlie ejacuU- 
lory linot'i — Ima Btil! tin; transitionul cpillioliiim of the effer- 
ent uriimry passages. Tho remaining portion of the male 
un'tliru lilts gciiemII)'Btmliti<'(l culiminiircpillK'liimi, wliil; 
the terminal portion, the fossa navieulariw, is lined 
stmtilicJ piivcmi^nt epitiii>Iiuin, similar to the epithuliui 
of the gliuis penis, 



Plate 58.— Prostate. 

Flo. I.— Portion of a Transverse Section of the Prostata of 
■n Adult. X 4fl. 

Tb« preparntion wm takea froni a dwq wIid had been exeonled. 

Tlie DRUre ahowi tlu! pnietatio Bland tubulcK ot very diOnrtint sT 
and widw, vrilhin a tiwua nhloh is very rich in ainootli mua 
and rolotively poor in oonnMtive timue. 

Techiiie; Zenker's Bohitiun. llemaloxylin-eosiD. 

Kefpreitne lettem: i!«, iilniid tubnlw; m, uuiafiilntvirp. 

Flo. 2.— Portion of the Wall of a Distended I 
Bladder of a FroE. X '"). 

The llgiirB «how]t tho rrlicular nrmngi'mi'nt of the mhixiII 
with ai>iinectivp-Uti)iie(>elln IrinK between. The epitbellutn in alawq 

Teohnic: FUHhk of the blnddcr with a soliitinn of poUUMum a 
UlAle. Penollini; 0IT Ihn epIUiollnni. lletntttoxylin-ivMiii. 
Jbdmwfl» ioUBnt gtei Bnuotb suunte-tilieca; k», ooancDtiveH 
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The mucoits membrane of the male urethra in the pars 
membraDacea and eavernosa is rich in elastic fibers and^ 
like the subniucosa and the adjacent parts of the muscu- 
laris, contains many wide veins, which form plexuses. 
Mucous membrane and submucosa are quite intimately 
connected, since there is no muscularis mucosae. The 
submucosa contains branched tubulo-alveolar glands^ small 
mucous glands, known as the glands of Littr6. 

The musculaiure of the urethra consists of two not very 
distinctly separated layers of non-striated muscle, a thinner 
inner longitudinal layer and a thicker external circular 
layer. In the prostatic and membranous portions, striated 
muscle-fibers from the musculus transversus perinei pro- 
fundus are added. 

The penis consists essentially of the three cavernous 
bodies: the two corpora cavernosa and the corpus spongi- 
osum containing the urethra. The corpora cavernosa 
have a strong connective-tissue sheath, the tunica albu- 
gine/i, and within this a meshwork of connective-tissue 
septa, in which are found non-striated muscle-fibers. The 
meshes are blood sinv^es, into which, without changing into 
capillaries, the arteries of tlie penis open. The tunica 
albuginea of the corpus spongiosum is not so well devel- 
oped as that of the cH)rpora cavernosa. In the corpus 
spongiosum, arteries ojwn into the blood spaces of the 
meshes by means of capillaries. Otherwise the structure 
is the same as that of the corpora «ivernosa of the penis. 
The skin of the glans j^nis, as well as the mucous mem- 
brane of the urethra, contains free nerve-endings and also 
endings in the genital corpuscles. 



VIII. THE FEMALE REPRODUCTIVE ORGANS. 

The ovary is a gland having no direct excretory duct 
(see page 3*J). In comparison with the ovarfcs of many 
animals^ the human ovary is very T\e\v m e«vv\iQft>5^N^*vv?«^^ 
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PUTB 59.— OVARY. 

Fio. 1.— Tnuuvene Sectioii throogii Am Cortex of a 
Hunuui Ovary. X 00- 

Thejwpanrtton mm taken tmm a flfteen-ycMMdd girl (Prnfwy 
K. W. ^immcniuuiii-. of Bern). 

The figure shows in the outer aone of the oortez nmnerons primor- 
dial foluSee and deeper In the tiflKwe a laigw Gnwiian folUole. 

Beferenoe lett er s; A^ Tuniea albaginea: q^ fblUoolar epithelium; 
jji, primordial foUkdes; oe, oyulum in the disons proligems; lAe, tfaeoa 
externa toUionli; m^ Ibeea interna tolUonli with blood-ireBMls. 

Fia. S.— Tho Oviinig a Portioo of fho Diaciia Pirollgionia of 
FIf • I onder HIgtor Magnlflcatloa. X 300. 

The dgure shows the ovum with its nudeusi the germinal teslole, 
surrounded bj the aona pellnoidai within the epithelial oells of tiia 
diaous pcoUgerns, part of whioh show mltoaea. 

Bemrenoe letters: Oo, Zona pelluolda; i^, gennlnal apoi. 



80 that in coni|)ariK)ii with the well-developed stroma of 
the albiiginea and of the cortex^ the parenchyma formed 
by the ovarian follicles is not prominent. The cortical 
Hubidance of the ovary is surrounded by a finn fibrous con- 
nective-tissue albuf/lnea consisting of a felt-work of con- 
nective-tissue bundles. In the cortox is found the paren- 
chyma of the ovary. The medullary substance lies in the 
neighborhood of the hilus ovarii and contains the blood- 
vessels entering the organ, esjKJcially many veins. The 
surface of the ovary is covered by jjeriiojieum in such a 
way tliat the connective tissue of the latter fuses with the 
stroma of the ovary, while the peritoneal epithelium, in 
the form of low columnar or cubic cells, covers the sur- 
face of the organ. It is seen most distinctly in this form 
in the ovary of the new-lx)rn and is known as getnninal 
€i)Hhdiumj since from it the entire parenchyma of the 
ovar}' is develope<I. The coriknl mibstance of the ovary 
contains numerous bundles of connective tissue which 
connect with the albuginea. Between them lie the ovarian 
follicles, so-called Graafian follicles, in various stages of 
development, the youngest being nearest to the tunica 
albuginea. The number of fully developed follicles is 



^^ETbeproce'^s of devcloiiiueiit of ova and nvarinn follicles 
^Buv be recogiiiieed m die new-Iwni ami for siime time 
^Rfter birtii. Sinie celb of the germinal epitheliimi of the 
fiurfuM i)f llio ovary increase in aJKe \iy growth of the wll- 
Ixuly, nntil they attain a relatively large size and epheric 
furm. Such cillf^ are known as primordial ova or primary 
eggs. Generally, aeveral prinionlial ova aro inclosed liy 
gcrmiiiid epithelial cells, forming n plng-like growth of 
the germinal epitiielinm, which [wiu-lrates ihecortiad sub- 
stance and eoristitntes the iijfi~fiiilU or ej^-ncsts, so-ciilled 
I'Huger'rt tubes. Ptiiigcr's tubes, or the egg-ncsts, are not 
liollow, imt solid struetiin-s. Within the ej^-nests each 
primordiid egg is surroimded by a single layer of flat to 
CLiliie <!i'lls, the/i>//'tW(i(' celk, and a prhitorifia/ or primary 
ffillick is thus fonued. The girimordial follicles He in 
large numbers eluse under the albugineu in the outer layer 
of the eortiix. The further development goes on from 
these to the iniilure OruuHan foltieles, the older and larger 
fiilliele>i ln'iiig pu^heil deeper into the cttrtical substance, 
an<l thus nearer to the limits of the lucdnlliiry substanue. 
The growth of tiie ovarian follicle proi^eeds in the fol- 
lowing manner: There is first a j/roli/ertit!on of the epi- 
thelial eefU of the f()llicle, the egg^cell being in tiiis way 
snri'oundeil by several layers of eells. At the same time 
a eoruieelive-t issue sheath from the ovarian stroma is 
formed around the entire follicle, known as the Iheea /o(- 
lii-nli. As tlie ovum develops, it becomes surronndiHl by 
a stnictiireless or radially striated sheath, tlie zona pcllii- 
eiik. The rxitia pellueida %'ery probably arises fnini the 
ovum itself and is lo be regardeil as a cell nicinbmne. In 
many auinwis — whether in man is doubtful— the outer ' 
[Mirtion i>f it !ip|M':irs to be fornicti by the adjacent portiona 
^^1' the follieuhir upitheliuni. 

^^b In tlie further growth of the ovarian follicle and with 
^^■rther proliferation of the fidlienlar epithelinm there is 
^^B exeretiiin of fimd on the |inrt of the follieulnr epithi'- 
^^Wini, the liijuor folHculi. This forms Iwlvftt^vi tkt tsi'i.'i '-wv 
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KiK- ■'i'i- — ilnuiAnn lollicle iif tbe dvnry of the mouMC i 
kU^-h of ilevt'luiiuienl. /: afW. Tlic llRiire HhowH Uir prolifenttion 
itt tht cpithi'liiim and the (nntiutiun of the liquor fullk'nli. v, Yolk 
nuclciiH (iM'iilnMonie); E, oiaia; rf, falliculur cjiithelinm; jt, niwlena 
otovuiii; If, liiiuurlulliculi; Ihf, thwiu loUiculi. 

Fig. ST.— i'ltftioa of a cmM-ecotion through n fully devcloprd o 

E'Wi InUura of a mooNe. X ^'^^ "^^^ I^K^re shcinN thp relation (rf tl. 
vpiTtrciphiHl epithelial celU li) Uie blouil cnpilliirirH mhI uoniiwtin 
tbmiR oclla. c, QipUlimes| rp, epithelial ocIIh ot the oorpQ» laUiK' 

Fig. 5t*, — Sniall portion ut a croa«-«(«tion tlinxtgh (ui o , . 

lub^iTi of ft mouw. .< itl)l). 1'he epithelial cells oontoln ttae It 
d^opll^U, bifiokeiieil h,v untiiiti iwid. 



onu ]iIu(K' or ut tliu same lime in eevenil pliuK-s oi the fol- 
licular rjiithelium, mi that now the follicle aHRUmos the 
fiimi of u vcsiolc. In this jiroccss the ovum is geiwnUly 
iiniwdwl toward one wall liy the collection of fluid. 

, The follicular epithelium geneniUy eotl^i^it)^ of polygonall 
celU ; only iho outer cell.4 iHirdcrin^ on the tliecn rollimli 
and those next to the ovum, ^{leciiilly the cells lying next 
to the zona ])elliieida, are columnar. The latter ooostitute 
the corona raiiutiii; the mass of eiiilheliul cella surronnd- 
\ng the ovniu are rallied the dinevs jirolii/frua. Ou the 
rupture of the foiUelo thtse arc evRcuuted with the ovum, 
The thera fu/licidi of larger fiillieles Iia» BU outer fibrous 
und an inner cellular layer, containing fiit j^tinles. The 
ovary of many animals contaiufl a large-oelled interBtitial 
tissue, tlw cells of which rcaemhle those of the inner Uyir 
of the theea follieuli and may Iw mii<taken for them, 

While (lie ri|H.'niiig follicles push tow.ird ihe inner 
jMirtion of the ovfiry as their development proceeds, the 
iiillieled whii'h have becfitue niiirkeilly distended by tlie 
collection of fluid again jhiks toward the t^urfoce, n part of 
their wall touching tlie tunica nlbu^iue^ nnd Ihe eurliioe of 
the ovary, and thus (K-eupy the entire thickne.*s of the eor- 
tical Muhwianoe. When tlie alleimated folticulnr wall rup- 
tunrs, there is a liiecnition of the surface of the o\'iiry, 
wltiell Inter Iteal^ by the forniHtion of scar ti.s8Ue. 
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follicular epithelium which remains within tht' follicle 
hyjKyrtrophies, the cells attainiag many times tluir original I 
siee. At the same time processes of couneL-tive tissue from 
tlie theca fuIlicuU containing blood-vessela penetrate be- 
tween the epithelial cells. The structure wliieli thus do- 
velopa is known as tlic corpu-f hUcum, because its cells 
tain a yellowish pigment known as lutein and are therefore 1 
designated as lutein cells. Later the structure degenerates, I 
the epithelial cells (lutein cells) undergo fatty degeneration, 1 
and the connective-tissue trabeculie beoome atrophie<i, and T 
thus the corpus albicans is fonued. On the nipture of the I 
follicle hemorrhages oflen take place on account of the ] 
laeemtioQ of the bloo<i-veesels. 'I'he remains of such hera- ' 
orrhagea are found in the form of hematoidin ciystals.1 
The process of rapture of the follicle and formation of the I 
earlier stages of the corpus luteum has never been observed | 
in the human ovaiy. 

The fully developed follicidar oimvi is a large, almo^ 1 
perfectly spheric cell, which in the human ovary has a ' 
diameter of about 2-50 /i. Its diameter, however, cannot 
be ascertaine<l witli any degree of certainty, since mature 
human ova — that is, ailter extrusion from a follicle — have | 
never been obwjrved. 

In munimulia its protoplasm contains, in varjiiig, but 1 
usually in small amount, fat-like const iluent*, known i 
deutoplasm; this is found (especially in the central portion 1 
of the ovum. 

The nucleue of the maturing ovum is spheric and gen- 
erally contains a large nucleolus. The nucleus of the J 
ovum has long Iwrne the name of the i/ermliml vcgii-fe, and | 
tlie nucleolus that of the t/ervnnal gpot. The maturing o 
of manunaiia, and also ttie human ova, contain, outride of 
tlie nucleus, another small stnicturc, the so-cniled yolh- 
viicfrus. It represents essentially the rudinicntary eentro- 
some, which nsnally degenerates iu the ovum l)eforcthecom- j 
pkte maturity of the cell is reached. In the matui'ation f 
of the tivmn a short time before it is expelled fcottv t 



' F/dfAlE REPKOlWCriVE OHOAKS. 

PLATE to.-OVARy, OVIDUCT. 
Flo. I.— TransverBe Section of the Uterine End or tb* 
Human Oviduct. '■ :ti). 

Tlie ]>ri>iiumtU)ii wiuf Mkrii frum n twi'iity-i)iii-'-,vMir-olil womou. 
The li((iin- p>c« a KTHrml virw ii[ iJic atriicturr of tlic ovulnct In 

Closei pruiinitv t.1 till' iil.iii.., 

TwIitikT: Mi\Ilrr'-> llni.l. ll>-m»tu>.vliM-i-<>^iti. 

Rcffri'iHi' lildiJ: .1. Vilviv; /., liinirii; iii, I'trciiliir In.vi'T <if niunclfj 
Ip, lUiiliM ["iHiiiji, h::, li.iiKiliiilliiiil litiiiilliw tit iiiii»(iii'; i", veins. 

Fm. a.— Portion of a TranBvcrec Section of the Ovary of 

a New-born Child, x 'J>Mi, 

'ni^ prrpMnlluu wm Mki^D Irvm a Htill-biirii chiM, 
Tlip fiKnrt< hIhuvb vpry dUtimiUy priniunliiil uva in tlip |i;i-ntiiiuU 
epithelium, I'fl^ecr't tnbM, aul ktou]* uiul iiuutsni of piimonttiil fnl- 
, liclin, 

TH<bnic: MlUtar'H fluid. llRnutoKylia-«win. 
I Itrictcnoo Inttim; c. Oipllliuini; kr, jtiTiiiiiinl rpithrllnin; ulr, 
etrotiin; //i, pritiiAry rou[«l«M; up. prliiionlinl tivu, 

nvaiy, the Duclcua withdraws to the surfaco of the cell and 
there passes through all the phenomena of mitosis (see 
pi^ 22). A spindle figure is formed and filially the cell 
divides in such a way that the f^;-proto[)lasm is divided 
very unequally into a lut^ egg-cell and a small cell, the 
Ho-callcd first polar body. 

Many of the primordial follicles formed in the ovaiy de- 
gpnerate ; and this takes place either in the earlier or later 
stages of maturation or the ripe follicles fail to rupture and 
degenerate. The former process is called nfropAyand the 
latter atresia of the follicles. In both cases, with certain 
variations, the epithelium degenerate's, and finally the e^- 
cell also. The latter often shows peculiar d^;eaeration 
phenomena, which may be confused with an apparent 
division. The zona peJlucida is retained the longest. 

The aiieriee of the ovary enter from the hilus of the 
organ and form dense capillary plexuses in the theea <(( the 
fullicle, especially around the egg-nests. Tlic vnnn fonn a 
plexus-like enlargement in the medullary substance. The 
lymph-vessels have a similar arrangement 

The Tierves of the ovary arise from the sympathetic, but 
their manDer of ending has uot been fully determined. 
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THE OVIDUCT, UTERUS, AND VAGINA. 

The oviduct has a mucous niciiibrane which is slightly 
folded in the uterine portion, while in the ampullar portion 
the folds are very high and branched. These are covered 
by a simple columnar ciliated epiiJielium. The mucous 
membrane is rich in lymph-cells, and, on account of the 
want of a muscularis mucosas, it is p<x)rly differentiated 
from the submucosa. There are no glands in the oviduct, 
but in the ampulla there are deep, branched cr}'pts. The 
musculature of the oviduct consists of a thick inner circular 
layer of non-striated muscle and a thinner external longi- 
tudinal layer. To these are added a serosa and a sub- 
serosa. 

The wall of the uterus h:is similar layers. We dis- 
tinguish the mucous Tnemhrane, or endometrium, which, un- 
like that of the oviduct, contains tubular glands (a sub- 
mucosa is wanting), the muscuJaris, and the serosa, which is 
attached directly to the muscle without any subserosa. The 
epithelium of the uterus is a simple ciliated columnar epithe- 
lium. In the body of the uterus it is low columnar, as in the 
oviduct, but in the cervix uteri the cells are considerably 
higher. The mucous membrane of the entire uterus is 
rich in lymph-cells and resembles a diffuse adenoid ti&sue 
(compare page 53). Its entire thickness is filled with 
simple tuhiAar r/hinds, which are either almost unbranched 
tubules, much convoluted at their blind ends, or they 
divide at acute angles and may anastomose with each other. 
These are the uterine f/lamls. They are lined with the 
same kind of epithelium as lines the surface of the uterus. 
The musculature of the uterus is bounded immediately by 
the mucous membrane and is firmlv united with it It 
consists ])ractically of circular nuiscle. However, the 
arrangement of its elements is by no means rt^gular, as 
very numerous oblique bundles are found beside and be- 
tween the circular bundles. Moreover, the large blood- 
vessels lying in this main muscle layer of tU^ ut.^Yw<^ AW 



TffE FF.UM.E REPUODVCTIVF. UBQANS. 

PLATE 6l.— UTERUS. 

Fio. 1.— TransverM Section of the Body of the I 
Uterus. X 3. 

Tlie Ukuiv eWm k treui-rtil view ut tliL' luj'vrn of tliv tit(>riiie wall. 

Toohnin: MGlIor'sHuid. HiiinitUis.rliii-imsin. 

Keleiviio* l6lt«ra: g, Hlood-vvMnU of tho limod lljttiuiienl. nnd at tiM 
otcriDQ whII; I, luiuen ut the ntenw; '(, bruail liftaiuoiiL; /m. longi- 
tudinal Inynr (if intWRlo; m, olrnnlnr la^or ol hiusoIr; a, wrom; tp, 
tanicB prupriai, ninooui RieiubmnH with ilio (Haiids, 

Flo. 3.— Transverse Section of the Mucous Membrane of 
the Uterus. X lOO. 

TliepniaratujnwMtAkenfniiii n twFuiy-yNir>uliI nolJipum. Fixed 
iil)t1>tM>n hniin ntt(<r lU'itth. 

The lipire HbuwH tho lyiiiiiljutil tiwiie in the luiiouiu nivmbnuii^, 
with thn largs^ ninvolutid, hmnclml, trad aniwtflTiiiMiiiK glanils. 'I'lie 
miuule lajrers follow dtreatly tijK>n the nnicxiun miMnbmii'-. 

RirluPDOe Iptten: », EpUhFliuni; gl, nterlue gLuids; if, muiMTiln- 
ic glonda cut tongi^Qtiairy. 



turb tiie arrangement to a oertain extent The external 
longitudinal muscle layer, which is well developed in most 
mammalia and even in the ape, is in tlie human uterus re- 
duced to a thin layer running in the anterior and posterior 
surfaces of the oi^n. The cervical canal is lined by an 
epithelium which resembles that found in the body of the 
uterus, although the cells are more slender and much 
higher. This ciliated epithelium usually extends to the 
external os, although the stratified vaginal epithelium may 
penetrate tho canal for a distance. In addition to tlie 
uterine glands, which are generally present in small num- 
bers in this region, there are also found the cervical glands, 
which are mucus-secreting glands. These glands often 
contain mucus plugs, forming the so-called ovula Nabothi. 
Here there are many individual diiferencee. The longi- 
tudinal layer of muscle is more strongly developed than io 
tho body of the uterus. 

The bhod-vesade of ,the uterus enter the uterus from 
both sides witli the peritoneum (ligamentum latum). The 
vessels in the uterine wall send brunches toward the main 
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iciilatiire. ' From these the distribution proceeds to the 
voRKcU supplying the musculature as well as those supply- 
ing the muoiiiis membrane. There are many lyniph-ves- 
sl'Ih in the uh^rus, in the mucous membrane, as well as in 
the muscululure. As in the intestine, the larger vessels 
ai-e found in tlie serosa. 

The lUTvai of the utenia are for the moat part the neu- 
raxes of sympathetic neurones supplying the muscle, It 
seems very probable that there are cerebro-spinul nerves, 
the hmnche^ of which go to the mucous membrane and end 
between the epithelial cells. 

The vagioa is lined by stratified pavement epithelium. 
The mucuus memhnitie presents papilltie, contains no glands, 
but sometimes lias lymph-nodes. A submucosa Is present, 
but is ni)t distinctly diflerentiatcd. The musculature con- 
sists of amooth muscle-fibers, which tbrm an inner circular 
and an outer longitudinal layer. 

Tile external female genital organs are in structure 
jiartly like the vaginal mucous membrane and partly like 
the skin. The region of the clitoris and the labia minora 
contain many sebaceouR glands. In the region of the 
urelhriil opening mucous glands arc found (glandulievestib- 
ulares mimirtw). The glaudula vestibularis major, or 
gland of Bartholin, is quite similar in Pirnrture to the 
glandula bullw-urethralia of the male (see i>age 183). 



^^Ntn 



THE SUPRARENALS. 



Uliough the medullary substance of the adrenal ap- 
ITH to Im! intimately related to the sympathetic nervous 
nystem, tiie entire oi^n, according to more recent investi- 
gations, is pn>bably to be considered hiafogenetically in the 
urogenital apparatus. 

'■ The rolntion ot the blood-vcsielB to thn nleriiiFi niiiSDiUatnrD had 

Kiven rise to on entirely uunnrmntnl oliwBilicatioti of Itie nt^rinn iuu»- 

CDlatiire into a stratam vaaeoluro, sujunvnacnlBre, nod iiilrnvaatmlon: 

_ n flubiuuoutmm. 
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PLATE 62.— SUPRARENALE 

Fio. 1.— PortkNi off A Tnuisvene Sectloii off tto 
SapraranaL X 15< 

The prepaimtUm wm taken from » man who bad bem ezaovftadL 

The flgare gives a general picture of the laiger porftton off 
adrenal. 

Teohnio: MfiUer's fluid. Hematozylin-eoein. 

K^erence letten for Figpu 1 rad 2: e, Oapillariea of mednllwy onl^ 
stance I rf, oapsnla fibrosa; ^«, ganglion-cells; n, non^mednllatad nerr^ 
flbere: ae, cortical substance; m, medullary substance; f^ veioo off 
mednllaiy substance; Mf, sona fasoionlata of the cortical Bnb ato n ce| 
tg, sona glomemlosa of the cortical substance; sr, aona vetioalaria cff 
^e cortic& substance. 

FiQ. 3.— Tronavono Soctloa through tho CMtex and Mo- 
dulla of a Suprarenal of Man. x 80. 

The prepantion was tak«i from a man who bad been ezeontod« 

The figure shows the subdivisions of the cortical substance, the 
cords of cells, the nerves and blood-vessels of the meduUaiy aulH 



Ttehnic: Zenker's solution. Hematozylin-eosin. 



Tlie [mrenc^hynia of tin; (ulrenal (^insists of two distinctly 
se|)anit<Hl portions, tlie cortical and the itMHlnllary »ul>- 
staiico. In gcnepiil tlui corticvil substance forms the main 
mass of th(» or^in, tlio mcKlnllary substance being well 
develojKHl only in tin; central [H)rtions. The organ is sur- 
roundtMl by a (•onneetiv(?-tissue ca[)sulc, which sends pro- 
c(»sses into the interior. 

Tlie cnrtlrtil mifmUDice consists of radially arranged col- 
umns of cells. From the (^iipsule towanl the medullary 
substance we distinguish thr(»e zon(»s : First, the zona 
(/loiiurnloutt ; in this tlie columns of (hJIs api)car as if 
coiled up. Sc»cond, the zona fancindatd ; this represents 
the greater [K)rtion of the corticid substance* and shows 
most distinctly the radial arrangement of the columns of 
<^ells. Thinl, the zonti reticuhina^ in whi<'h the CA.)lumn8 
of cells become again irregular and anastomose in n^ticular 
fashion. All the cells of the cortical substance are very 
similar, of cubic or nearly spheric shape, and often con- 
tain fat granules; thos<j of the deeix'r layers also usually 
contain pigment granules. 




im 



ISfl. 



i 



fu,.i 



'-— *" 



THE SVPRARENALS. 



19 



stain 

m 



lliiry Kuhdamt. of tlie ailreniils is not sub- 
(liviilcii iiiln znnca, but presents throughout the same 
slnictiire. It ctusbts of iKtiiiIiar c*lLs, whiirh ubiiu darkly 
with t'lironie salts (also cnlh^i rhromaffin cells) and form 
atiastomosiug cliuius. The (?ells are irregular [)olylie*lral 
to high (!iiluinnar lu fomi. The cliains ofti-n border rela- 
tively large vascular lumina or lymph cltfls in audi a way 
that eaeh generally oval cell of tlie medullary substance 
in transverse scctiou borders the va-scular lumeu with its 
two Harrow surlacea and the adjoinlug cells of tlie chain 
with its two broader surfaces. 

The oounective-tiastue framework of the adrenal consists 
of a reticular connective tissue, the fibers of which run 
parallel to the trabeculaj of eslls in the cortex. The 
adrenal is at the same titiio very rich in Itlood-vessels and 
nerves and probably has intin]at« ri'latiuns to both systems. 

The blood-rexseU form numerous capillaries in the cor- 
tex as well as in the medulla of tlie adrenal. Those of 
the cortex nin in general parallel to the cnlumnB of cells 
and between these, at least in the zona fUscieulutu and 
reticularis, and in tlie outer oortical zone form small veins. 
Bi'sides capillaries, the medullary substance also (wntains 
small arteries and especially many plexus-like veins, the 
walls of which are rich in elastic fibers and often contain 
tliick adventitial bundles of smooth muscle-fibers. The 
vessels of the medullary substance, especially its ispil- 
hiries, lie in the siwices l>etween the tral>ecular network 
of medullary cells. The lymph-vfunfU of the adrenal are 
likewise very abundant, especially in the medullarj' sul>- 
stancp. 

Numerous non-medullated nerve-tmnks of the nympa- 
: enter the adrenal. In their course within the adre- 
they often show ffangUon-<xUa in smaller or larger 
groups and occasionally also circumscribed small ganglia. 
The cortical substance is poorer in fibers and ganplion- 
ei'lJs are not found here. The mode of ending of the 
•erves has not been fully determined. 
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PLATE 6i.— NASAL MUCOUS MEMBRANE. 
Fk'. t.— Portion of ■ TraiMverse Section uf the Oltac 
keglon of Man. x 150. 

The prrpomiion ww tnkcn from n miin who lind lircn cxmitpd. | 
'I'hi- n.-ctiiiii nil.. IS- ill i'i<i-i.--Ja!.>i i.m n iHirlMMi of tlin iiltiwtury ni 

luniil. <.'<:- r...:,: r>,. -.,.. .i ).[,Ml>'.n><mr. 

'I'.i ' 1 1. iiiniuxylin-M«in. 

I>'':' ' ii; /, n»\ (hair) xotie; 8, 

\<i\v^ r,. ■ '' \, III. olfuclory glAndi; », o 

Kiu'j — P<irt(on of n Transverse Section of the I 
Half of the NbmI Wall. Respiratory Re^n. y -j.',. 

ThP prpimralttai "siw inki'ii from a iiiaa who liod bwn e«i»ciitod,.; 

Thp flKun.' nhuwn thi' Ktnictiirp of Ihr thick mucuiu iti«iiilii«ne if 
in blond -vpavls iinil giniiil'< and the odinceiit portion nf the bone. 

TwhiilcMfn V\g. I. 

Kcfpreimi' Icltem: ifc, Exurctory iluotnt the Kkud; rp, tpitbnlil 
gl, (tlnndu; A", boni-; Ip. itinica projirln. 

OccasionBlly accessory adrenals occur, meet frequently in 
the broad ligament of the ntenis and in the neighborhood nf 
the epididymis. In this connection we should mention two 
small structnres of the human body, which are also rich in 
blood-vessels and nerves — tlie carotid gland {ghmua car- 
oticum) and the ooceggeal giand (^hmug coccygeum). They 
consist practically of capillary oonvolutions interspersed 
with connective-tiasue cells rich in protoplasm. According 
to recent inveetigationH, both types of glands are said to 
take their origin from the vascuUr system. 



IX. THE RESPIRATORY ORGANS. 

THE NASAL CAVITY. 

The mucous membrane of the nasal cavity is divided into 
three portions, the vestibular, respiratory, and olfactory re- 
gions. The vedibviar region presents the structure of the 
Hkin, with all its characteristics. 

The respiratory region, the main portion of the nasal 
mucaua membnme, oooatats of a typical stratified ciliated 
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columnar epithelium, which often contains goblet-cells, and 
of a thick nmcosa. The latter is connected to the periosteum 
of the hone and the perichondrium of the cartilage without 
the intervention of any submucosa. The mucous membrane 
contains numerous simple branched tubular glands of mixed 
character, containing both serous and mucous cells (see page 
37). It is rich in blood-vessels, especially veins. The 
accessory cavities of the nose present a relatively thin mu- 
cous membrane, with few glands and a ciliated epithelium 
in a single layer. 

The mucous membrane of the olfactory region has a char- 
acteristic epithelium, which is thicker than that of the res- 
piratory region. Its upper layer especially consists of very 
high columnar cells, showing no nuclei in the upper half. 
The deeper layers are formed by spheric cells. Between 
the high columnar epithelial cells are found the olfaxslory cells 
(see page 238). The surface of the columnar cells shows a 
border resembling a striated cuticular formation (cilia?). 
The tunica propria of the olfactory region is not so thick as 
in the respiratory region and contains a special kind of glands, 
simple tubular serous glands, which are but little branched 
and are known as olfactory or Bowman's glands. 

The blood-vessels, espwially the veins, are somewhat 
less abundant than in the respiratory region. Numerous 
bundles of non-medulla ted olfactory nerves are found in 
the mucosa under the olfactory epithelium. 



LARYNX, TRACHEA, AND BRONCHI. 

With the exception of the region of the vocal cords, the 
free margin of the epiglottis, and a portion of the arj'tenoid 
cartilages, which arecoveretl by stratified pavement epithelium, 
the mucous membrane of the Uiryiix has stratified ciliated 
epithelium like that of the respiratorj' region of the nasal 
cavity and the up|)er portion of the pharynx. The tunica 
propria is unusually rich in elastic fil>eTa^\N\\\e.V\fct\s^^viXiafc 



I VBE BESflSAroSr OBOANS. 

PLATE 6j.— TRACHFA. 
Transverse Sectloa of the Trachea of an Etsht-y earmold 
Bfty. X 6}, 

Thr flKiim nivn n Rpnrml pirlnre ot llic staiictiirL- of the trachrn 
mill ul thn laniliiBtinii of Km »«N». 

TivhiiLu: Miiller'a fluid. IUiiiatuxy1iu-«»>ii. 

Rct«vnoc letters; 171, Epitlirlinm ; gl, glanih; Kn, cnrlUnge; m, 
muicnlarU; m, mbmooOM; tp, tonioa ptuiiriH. 

ni'twurkfl jUHt iindcrUie epithelium, fnrraing tliu vwrnljrana 
r/fisliai. In otficr ri'^jwcts tlie nimxjiis niembniuG of the 
rj'iix lias the same structure a» that of tlio tnichra. Tht- 
uiilagr« oCt\\Qhirynx an? (lartly hyaline (thyroid, cricoid), 
partly cIiLttio (cp^lottitt), nud partly mixwl (arvt4'iioidoartil- 
ages), 

Tin- fn>rl,rn lui.-. ii ivlativt-lv tliivk tthic.us in.'iuhrailc, 
which is rich in elastic fibers. The epithelium in stratified 
ciliated cotumDar. Uncler the mucous membrane lies a 
gubnutco6a, which contains branched tttWar^^rufs of mixed 
character, containing both mucous and serous cells. The 
outer wall in the anterior three-fourths is formed of horse- 
tihue-shaped hoops of hyaline cartilage ; in the posterior oue- 
fourth, by non-etriated muscle. The glands are bfifit devel- 
oped iu the posterior wall and lie between or outside of the 
muscle layer. 

The lai^ bronchi have the same structure as the tra- 
chea, except that they contain plates instead of hoops of 
cartilage. 



THE BRONCHIAL BRANCHES AND THE LUNQS. 

The larjie branches of the bronchi have the same struc- 
ture as the trachea and the bronchi. The structure remains 
essentially the same in the further branchings, with these 
exceptions ; The cartilages of the bronchi of medium 
she resemble elastic cartilt^ and no longer form half- 
rings, but irreguWrty d\8li\WteOt -pUAes. <i«rt,\V4J4e ^latea 
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are found in the bronchi until their caliber is 1 mm. The 
non-striated muscle of the bronchi of medium size forms 
a continuous layer of circularly arranged fibers ; this 
layer becomes thinner as the caliber of the bronchi dimin- 
ishes, but can still be followed beyond the limits of the 
cartilage ; it lies miillin the cartilage plates. Besides this, 
a change takes place in the epithelium of the bronchial 
branches, so that the stratified ciliated epithelium is gradu- 
ally reduced to a single layer (see Plate G6, Fig. 1). 

The bronchi which have no cartilage, under 1 mm. in 
caliber, are known as bronchioles. They still have a layer 
of muscle and a single layer of cubic epithelium. 

The bronchioles lead into the respiratory bronchioles and 
these in turn into the terminal bronchioles or alveolar ductSy 
the smallest terminal portions of the bronchial tree, which 
serve partly for respiration. The terminal bronchioles are 
characterized by the fact that their epithelium consists of 
two kinds of cells: of small, round, nucleated cells, between 
which large, flat, non-nucleated cells are found. The lat- 
ter gradually appear in the shape of islands at the point of 
transition from the bronchus into the respiratorj' portions 
of the lung. Each terminal bronchus opens into three to 
six neiirly spheric sjmces known as atria. Each atrium 
opens into a number of irregular spaces known as air-sacs. 
The air-sae^ communicate with smaller spaces, the air-cells 
or alveoli. Numerous alveoli are found on the wall of the 
terminal bronchus. It contains a layer of non-striated 
muscle. This layer of muscle does not .extend beyond 
the limits of the terminal bronchioles. The atria, air-sacs, 
and alveoli are lined by flat, non-nucleated cells, among 
which groups of small, round, nucleated cells are found. 
The alveolar wall is very thin, and, aside from the epithe- 
lium, is formed by capillaries and a ver>' small amount of 
connective tissue and elastic fil>ers. The walls of neigh- 
boring alveoli, especially their elastic tissue, fuse to form 
alveolar septa. By means of fine o[)enings or pores in these 
septa, neighboring alveoli communicate with each other. 



WE RESflRATOBY OBGAKS. 



- TrannverBe *c<^t)on (it n linjiwtilolf of IMv hunuui Ini. 



I- preiHunliun ns Fig, J. I'late G 



< iKl. The ft 



Pig..' 
fnwii till 

presents tlie tramivpnie nction of n email bronchial brnnch li 
iiiiiipic cilUtfd ttiiitheliiiiii »iid no curtLli4j;liioiiH rruiui.'Work; in u 
miUKius nivmbniiii! iiuuiy ettwtio liliers urc Hccn. 

Fig. lUI. — I'ortinti of n thick onHB-BctTl.iiin of n hnnuiii Ini 
with Bilvpr tiSttsW xolulion. X 100. Tlie pn:[»rtitioti wna ti 
n ninn who lutd bwn extvutod. 

In the preptU'ntiun tlinoel] hotindsritisof the tpitlieliiiinMest«ina4 
black bj' the Hilvur. The figure ehovnt ft rcapirHtory broncliiola bi t'' 
bmnohing troni a imuiller bronohinl hmnoh. The lower mil of t* 
bnnipliiolt> IB aeen, still linfd by cubic ppitheliam. Thin ia then gi 
ually broken np by ialMiilii of flattened wlls. In the aWtoli w« an 
trpicol mlatioQ tit the enitboUnm. .'I, Alveoli; brr, reepiraUir)' b 
oniole ; rp, onbio opithcliiuu ; 9,, flattened epithet jaI cells ; p, oai 



The connective tissue which is present in very s 

amount as iniertiit'ud tissue penetmtes tlie lung along the 
larger bnjufhinl branches. Under theseroue covering of 
tlie lungs (pleura piilinonalis) it fonns a tbiu layer and alsu 
ai-paniti's the Hevcnil luhules of the Imig — the lobnli pul-' 
tnonales — from each otiier. It often contains carbou pig. ' 
ment wbidi bus been insj)inx1 with the air. 

The blood-pouii-lM of the lung arise from the pubnonarjr * 
artery and the bronchial arteries. The liittt:r supply tliu 
walls of the bronchi, semling only n-latively few branches 
U> the alveoli. Tlie branches of tlie jmhiionary artery 
follow the course of tlie bronebi. Tiicy bmneb with Ihesa 
and m the alveolar wall form a dense plexus of capilJ 
laries, whieh aR- csjierially large, so that thi? gRiitcst pun] 
of the surface of the alveolar wall and of its epithelium \a 
bounded by capillaries. The large, flat, non-innrlnited 
cells generally cover the capillaries; the small round cells 
lie in the sjiaees between tlie enpillaries. From thecapU-, 
laries arise the radicles of the pulmonary \ 

TRere are large numbers of finnph-rr«iiel« in the luof 
They form two sets oF vessels. The one Is found in t 
interlobular connective lissne and eoniinnnicatcs with I 
lymphatics of the pleura, where u rich ph'xus is fuundi 
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The deeper set iLoo^\)Q.ivies Uic pulmonary arteiy; i 
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Plate 6;.— Lungs. 



tin. X liHi, 

frum tiiulc'Hul uf llii' ^Vti^K1>lnx AiiiilJiiiiicjil ItiKlil 
TliP fljiiirti hIwih-s ilip cr™in-».-ctiiiii ot maiijr nivt 

portiunt the txirttux of tbe alvMilar waII U ntt-t, ' 

Kpfdviic* Ifttera : n, Brnimli of piiliiimuirr arUry j .4, bItmH ; 
UM>i11uni« uf alvHilor wall wen truiii llie mirfiu'v ; wi, Alvrolar • ~ 



The ejiMiTtniit U dividod Jnti) four layon* named I 
without inward: (1) the stratum coniL-uni; (2) the «trattl 
liicidum; (ll) tiie alratum grauuloflum; (i) the stn 
l^rminutivuru. 

The nl)t^Hiu conieum c-nnsiRt» offlnt, horny, non-nuclcAU 
cells, which in niauy pluees of the skin, for iuslancc 1 
thf palm of the hand, sole of liie tixit, are iu mauy taj/«| 

PLATE 66.— LUNG, THYROID GLAND. 

Fin. 1.— Transverse Section of a Small Bronchial [ 
of tlie Human Lung, x I'l. 

Thi- lircpnntiiiii was tnlii-n from u liuin wlio liiid lin-n Pii 
Prpporiil liv I'liifi'iMor Briiiin, irf Hriiii'llH'ii;. 

The Heurc rIkivch h Hmiill broiii'hntt to(n'tli<^r with Ihe snrro 
long tisHue, The rWtio Sben an stninril durk violet. Tlw m 
luiv uf tb« tirond))*! wall i« )ni?ov(ire<l hy Uk gImUo tihi-i> llu 
uut viaiblo under low inafcniliuBtiun. 

Toiinio: Zenker's Mil ntioa. Wei}>rTt's elutjc tisane stnln. Ala 

Reterenw l«tt«rB: A, Alveoli; bg, bl'xid-vcweU; dgl, duct of h 
r.hlnl gland; rp, eptthclinm; gl, maatoa t^lnnd.^; n, tnuurvene nt 
of ft oerve; Ip, tuuioa propria with elnMio llbm; p, wall ot a li 
veil! uf the lunt;: A*n, unrtittiBH. 

fill. -J.— Portion of a CrosB-sectlon of llie Thyroid C 
X 30. 

The prTpnnitinii was Uikrii fmm nntati wlin liod brcn execute 
The Binire e>1iowh llw ulnml Mitinlea of Llic thyioid glaiul, lilled i 
diSerent Atfgreis with the uulloid mliataiKse. 
TrchniO; MUller's flaid. Ilcnutlaxylin-msln, 
ItpfereDiw leltcra: bdg, Inwrttitlal oonneolivi: tiMur; A;, I 
TOwls; C, colloid Bu\i«*woe-, li, igUnd alveoli. 
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The stratum IxLcidum can be differentiated distinctly only 
when there is a strongly developcil stratum comeum. It 
consists of two, or at most three layers of flat, clear cells, 
which are not yet completely comified. It is not sharply 
separated from the stratum comeum. The stratum granu- 
hsum also consists of two or three layers. It is especially 
well developed in places in which the homy layer is well 
developed. Its cells are flattened polygonal and contain 
distinct, deeply staining granules known as keratohyalin 
or eleidin granules ^ of irregular form and of different 
size, which are to be regarded as the preliminary stages 
of the horny substance, the keratin. The stratum gemiina" 
flvum consists of many layers of cells, which are indented 
by the papillae of the cutis, which lies below it. The cells 
of the lowest layer, which lies next to the papilla, are 
columnar, while the cells of the other layers are rounded 
|>olygonal, except the upper ones which border upon the 
stratum granulosum and, like the cells of this layer, are 
flattened. The epithelial cells of the stratum germina- 
tivum are connected by very distinct inierceHuIar btndges 
(see jmge 32), and on this account it is called the stratum 
spinosum or deiifaium. The stratum germinativum fur- 
nishes the cells for the regeneration of the external layers 
of the stratum comeum, which are continually being 
pushed off. The lowest layer of the stratum germina- 
tivum, the layer of cylindric cells, shows constant mi- 
toses. 

The connective-tissue portion of the skin, the cuiisy is 
divided into two main layers, which are closely connected 
and which pass over into each other without any distinct 
line of demarcation. The corium borders on the epider- 
mis and consists of formed, fibrous connective tissue, and 
tlie tela suhcutanea is characterized by the presence of 
adipose tissue. 

* Keratohyalin and eleidin are used as synonymous terms by many 
authors, while by others the term eleidin is given to the unformed 
horny material of the stratum lucidum. 
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Plate 67. —Skin. 

Fia. 1.— Transverse Section of the Skin ol the Vola IV 
flf AUn. X in. 

Th* pl¥pnrutioii wiiH Uvktti rniin a ninii wlio hiut U'l-ii i^xiHtiitei]. j 

Tbe DtEDre abuws b i^eiicml piclure lA llip Htiiii'Iutv «iid Umitt 
of thf Hkin. 

Twtlmlo: Z^tikcr'H MliiUun. Ikmn(ox}'liii-«(»tii. 

Bttiirriin)ltitU!ni;n, Arter.viC.iMirinmjri, Vnlcr-I'admon n 
171, i-iildcrniifi; ijlni, RnitorlfrniTisglmuI?; '/, iiiiiaoli>'ltUTi>nr tJieinlRII 
l>l•M^<: /in, luiimknluM iu]i|Hmiin; rife, Htnituiu njriii^iiiii ; »lg, HtraM 
Kiriniiijinuini, It, U:lii BiilK'Utniuaj. 

Vxi i Portion of B Transverse Section of (he Injec 
Skin ot the Vola Altuius. - \r,. 

'I In: rigiin: bIiow!) tlic prirK^ijial rrlnlioiis <>[ thii lilnml-veiBela ut ^ 

Trvhnic: Injmtioii with Rrrlin bluegrUtin. M u tier's du id. 

R(-f('nMK<u liftl«i8: (', Curitini; gli, audoriferuim )iI»i>Ib; p. pwpt 
(fi-c, HtrnlDtii cumeoiu at tlip rpldemiis; tirg, HtralniD g^r ' ' 
of Uio «pidcmiu| U, t^la mbouUDea. 



PLATE 68.— SKIN, HaJR. 

Fio. 1 —Portion of the Traniverae Section of tlie Slda. 
the VolA AUnus of Man. x 17U. i 

I'h'- ijrt'iHimtion nos Ittkeii fnini n nrnn whu hml been txconted.l 

TIk' li^iiir Khnws tlii- Htrnctiirc of the (tlScrrnt laTcm of th» 4 
iliTinin mill nf III" u|i)>tT portiun (HUutuiii pnuillorc) 01 tlie oarium. 

Toohnir: ZfiikcrV solui.i.m. IlriimU.iyliii-««Ui. 

Krfi'ri'iirL' )i'l.lfi~<: Ay, IIIikkUvi'iihi'Ih of cnriiim; C, Oorlnnt; ifn, > 
(■rrlorv JiLt'l of a H«fiil-(iluiirl; rp, r|iidpniiitt; », nervi', pfltwini: 
twuli- d.ri'iisi'lr; »ir, Blnitiiiii i-<ii-nrulu o( the c^piiicnnis; Mg, MmtL 
(ti-niiiMutiitiiii; Miijt, ulniliiiii );nuiiili>iiitii; M, et.rnliim luoidoiUi 1 
tactilr lyiriiiiBcIf. 

Kit). ^.—Single Cells of the Stratum Qermlnatlvuni of % 
f>rcparation In FIk. I. x 7li0. 

Tilt fitTHn- flhoHS thi- inu-n-i-llulnr hriUK™. 

Flit. :i. -Lower l>ortlon of a Longitudinal Section ot I 
Root of the Hair from the Human Scalp, v ino. 

The pr(.]ijinilioii wnfl loki^n (r<iiii n ninn wlin hiuf t*cn eXiTUtpd. ( 
Tlio liutiif kIi'.wx llic rvtuti.111 ..f tlie ilillen-iil luyera af thit liiUr^ 
itii niijl'Blicitl.lis ill the ii^iuu ot tlit bulb uf the biiir. 
Ttchnic: Kenkrr'a soliitii>ii. lleiniilnxylltii^iiMln, 
KelcreuM leltcra: ow, KxU-mal roal.<theath7V|^-iiti(i1e of lialr^ 
NhcBth of hair; ft. Blony meuibmni'; i'td, huier mot^beatb; /*, § 
— '"-; ut, oorttcal subetaiicr <it liairi »rp, hMr^lmft;. im, vaei 
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The corium is again divided into the stratum papUlare, 
which bears the papillae, and the deeper stratum reticulare. 
These two layers also have no sharp line of demarcation 
l)etween them. The ooriiim is composed essentially of 
dense connective tissue, the bundles of which cross and in- 
terlace in all directions. The stratum rcticulare, in which 
the bundles are large and compactly interlaced, is poor in 
cells, but rich in elastic fibers. The cells of the corium 
are found between the bundles of connective tissue and 
are consequently of flattened shape and have elongated 
nuclei. The cutis also contains non-striated muscle, espe- 
cially in the neighborhood of the hair, but occasionally 
also independently of the hair, as in the tunica dartos of 
the scrotum and in the region of the nipple. 

The subcutaneous layer consists of strands of formed 
connective tissue surrounding fat-lobules. 



THE EPIDERMAL STRUCTURES OF THE SKIN. 

Special structures originating from the epidermis are 
contained in the three main layers of the skin. These 
are hairs, nails, and glands. 

The Hair. 

The hairs are long, thread-like, horny structures, which 
project beyond the surface of the skin. They are em- 
bedded in an epithelial sheath of epidermal origin, which 
is surrounded by a connective-tissue sheath from the 
corium. The portion of the hair within the skin is known 
as the root of the hair ; the free projecting portion, as the 
hair-shaft. The hair-root ends in the hair-bulb. The 
latter is invaginated by a vascular connedivc'tissue papilla 
and lies, especially in the larger hairs, in the subcutaneous 
layer, while the hair-root lies partly in this and partly in 
the corium. The epidermal sheath of the hair-root is 
designated as the root-sheaih ; the connective-tissue sheath, 
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PLATE 6g,— Hair. 
Transverse Section ot the Human Scalp, x IS. 

Tile pn-iKiniliuii wun Uikrti tnmi u miiu wliu liivJ bwD eiccul«<l. 

ThH Sgure i* roiiipiwiii of [mrtu iif tijrot wwiioiifl. It b1ic)wh a 
of liitiiitii] InniElliiilliiiil M^linii, iillh m^UHstoiis (flftiwia and Mm 
rrutum, ululi-bnini iu diRvreiJC slu^v uf dt^gi'iiemtiuii, j'uuii); luIiSi 
oiul now fomuitina nl hair. 

Tmhnlu: MQIIor'* OuWt, IIthniat«xy1ln-«Mln. 

nETeriMKW IcUeni: .ip, MunmluB nrroator |rili; e, cwriuiti; r^, eptj 
itnrmisj ^ hnir (nlllclo; (lap, nftmeamfAf; yf>, suilorifenms glitM|f 
irf*r, Relnmwus fclniuln; stl, (.■lu)>-tinin>; /ip, pnpillH iit lutir; Kr, nw^ 

aftiwln cntin; Sp, rwit of h»ir; >>, slmlt <a hnir; («, buU'-' — 

Inycr; Xi ■"'■^ rnmuitinn of linlr. 




aa the huir-BhaiUi, The Htmcturp of tht! hiiir untl ita 
Hlimtlitt can be l)(»<t rocogui/x-d in the lurgcr haifit of t 
body. 

cortical cella and the medullary cella. The latter may be 
lacking. In the lower portion of the hair-root the cuti- 
cula is added to these. The cortical tvi/s form the main 
mass of the hair. They are long, B])indle-shu]>ed cells, 
somewhat longer in the upper than in the lower part of 
the shaft of the hair-root, and contain a difiuse and gran- 
ular pigment, which gives the color to the hair. They 
possess elongated nuclei, which are often indistinct in the 
free part of the hair-shaft, and eomewliat shorter — that is, 
more oval in the lower part of the hair-root. 

The medulla of the liair, which is not always present, 
forms the central portion of the hair-shaft, and is com- 
posed of quite large, polygonal, unpigmented, nucleated 
cells, arranged in two or tiiree rows. 

The cuticula of the hair is composed of flattened cells 
arranged like tiles. These cella are nucleated in the 
lower part of the root, then lose their nuclei, and finally 
diim|)|R']ir ill tln' upper part of the root. 

The root-ntiffifli of the hair consists of two parts, the so- 
iled itmir )iri<l outer root-sheaths. The hair itself 
loiids to the stratum comeum of the epidermis ; the 
root-elivatli ehows the structure of the stratum luci- 
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<liim and granulosuiu ; the outer, that of the stratum ger- 
niinativum. The inner root-sheath consists of two to 
tliree distinct layers : of the sheath cuticle, bordering upon 
the hair cuticle, distinct only in the lower part of the nxit ; 
of the inner Huxley's and the outer Henle's layers. The 
xheath cidide presents essentially the same stnicture as the 
hair cuticle. Huxley* s fayer consists of cubic to low cylin- 
dric cells in a single layer ; these in the lower portion of 
the hair-root contain numerous keratohyalin granules. 
Henle^a shecUh is composed of flattened cells, which are 
nearly always non-nucleated. Only in the lowest portion 
of the hair-root do the cells of Henle's layers contain 
eleidin granules. In the upper portion of the hair-root 
the inner root-sheath is comified. The oiUer root-sheath 
shows the structure of the stratum germinativum of the 
epidermis. It consists of a varj'ing number of layers of 
cells, fewer in the lower than in the upper portion of the 
hair-root, the outer of which have a columnar form, the 
middle polygonal, and the inner — that is, toward the inner 
root-sheath — ^a flattened form. Where the hair passes 
through the epidermis, the outer root-sheath joins with the 
stratum germinativum of the epidermis witliout any sharp 
line of demarcation. Like the cells of tlie stratum germi- 
nativum, the cells of the outer root-sheath show mitoses. 
The connective-tissue jwrtion of the hair, the hciir-^heath, 
consists of a relatively thick, structureless, and non- 
nucleated membrane, the so-called gUtrnj membrane; ex- 
ternal to this are two layers of connective-tissue fibers, an 
inner circular and an otder longitiidinaL Both, circular as 
well as longitudinal, layers are free from elastic fibers. At 
the base of the hair-bulb, at the neck of the papilla of the 
hair, the elements of the root-sheath which here border on 
the papilla do not present the lamination found in the other 
portions of the hair follicle, as here the cells of all the layers 
of the root-sheaths become nucleated and form a common 
indifferent mass of cells lK)rdering upon the lower portion 
of the papilla. This mass of polygonal cells continues to 
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PLATE 67. -SKIN. 
Fia. 1,— TransverM Section of the Skin of the Vola M«i 

of Man. y. la. 

The jimiuniiion wna Uikvn from a nmn who hiul Iwii i'ltecuUkl. 

The tl)»rfl iiliun'B u ^L-iicnil pii'lure ul Ihf Htruoturv luid IwninalA 
of the skin. 

Ttohnici Zeokor'H anlntion. H«rnfltoxylii|.«)iiu. 

ItetercDce Inttero: n, Artery; C, <nriuiii;c(, Tnler-I^tniiin o 
rp, (^pidiirnils; glm, tindorirrriiiiBglandK; '/, mnaole-lilx'rBOf Ihepnln 
Inrevin; ptr, imiiiik'nliiH HiliiHixiiii; *fr, Btnituiu Minifuiii', tig, Hlnhl 
gcniiiiuilivuiii; In, U'lii HuU'UtJiuut. 

Ft<i. l>— Portion ol a Transverse Section of the Inject! 
Skin of the Vola Manus. X 15. 

Tlin Qgum tUioHs tlie |iriiici|ial relaliona o[ Ihi- lilnral •vessel b of t 

TVohnio: lti]i«tionwiUi Berlin bloegclntiii. MQIIcr'i Quid. I 
cnrmin. 

KufererKW Idltem; f.' Curium; git, audurlFeruuH (clnnila; p, papllb 
i(rr, strntiini unrncnin uf ilie ppidcrnib; ttig, strutam giT 
of itie epidiTDils; U, h'la sabcutaoea. 



PLATE 68.— SKIN, HAIR. 

Flo. 1.— HoKlon of the Transverse Section of the Skin a 
Ibe Vola Manus of Man. x 17U. 

The pri'tmruiiun was tnketi tmni n man who hnd Wn executed. 4 

Thr li^iirr nhows the ntniotiire at the ilifliTcnt Uyera of the a 
deriLii«Hml ut tlii^ UitpiT ]>ortIoil {Umtnm papillore) of tbeoorlma. | 

Ti«chiiit^: Zfiilcer's mlnlion. Ilematoxylin-euam. 

Il'-fvii'iici'. Ivlters: lig, Klood-vesaels ul coriiim; C, oorlam; dn, I 
rri'lurv diic-t of a itwrnt^^liuid ; cp, (■pidemiis; n. nerve, ent 
Uuitili^ njqiiiMi'lc; tte, BiTBtam comcttm of the cpidi-rmiB; ttg, t 
Ki-riN i rill Uui 111; uit/r, HUutiim granaloBiim; Ml, Blmtiiln luoMomi I 

I'lu. -j.-Slngle Cells of the Stratum Oermlnatlvun of fl 

Preparation in Fig. 1. X lUO. 

The Uk-iir.- shows tlie tiiMrw-llutar Imdaes. 

Pui :t.— Lower Portion of a LonKltudlnal Section of tli6 
Root of the Hair from the Human Scalp, y kn). 

Tlie pn..[iunition wiia tukcii froni n mnti whu hiui Iwn eii«ii(«l. 

Tlie Ilf;iirF hIidwi llie rrliitinn nf the ililTcn'nt lnv(^ra of the hnir iLnil 
it£ luot-tilieHtlia ill (lie iv^fiuu uf Uie bulb ul tlie liair. 

Tniliilic; Zenker's wlution, llcmiiloxyllni^pHiii, 

Keferenw iellt-i«: aie, RxbTnol mat-f>bM>lliIl^'i>I'><'1i> "t i^^f. fy', 
sheatli at hair; gl, glnny niembrone; nu, inner ^ot-fhuth; P, Mr 
paullla; at, coritcnl sut»tanou ot hair; lep, hair^elmfl \. m, luednlUt 
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PLATE 71*— Hair, StiDonraKWS 
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vpper Bortjon of tfce hair-ipot. 
TMinie: Mftlkf^ floid. 
Bdemee leCten: Jjk Amelani plliraM;Jh 

Pio. 2L— TnHMvwM Sectfoa cf nb Cm « a 

•r tfee Axfllvy 9 

The pRpMatloii 

The figon ghws « pletweof Ibe Im^b 
azillAp liMd with high eptthelliiB. 

Teehnie: Zmker't aolntloa. 

Bcfennoe letten far Fii^ y-4; qi^ 
m, Mnooth bihbISi mjip^ BKBibnHMi pnipvhiy Si 
maflele-flben: iS; drops of noretion; X« tnVolfli «iil UBmatUtf- 

Fill. 3.— Tnuisv^rte SectloB off a TMole off • Swoat-tl 
of the Axilla, Lined with Very High Epithellani. X 160. 

The iiiLMrt* showH u |¥>rtion of the canal with very distinct mem- 
braiia propria. iVtweeii thirt aiMl the epitlieliam we find amooCh 

IIIIlS('l4-iilNTH. 

h'Ki. t— A Portion of a Tubule of a Sweat-gland off the 
Axilla Cut Tangentlally. x 1«K). 

We WM* tiic Hiiliepitlii'liul mii(x»th niuHcle-fibers from the snrfaoe. 

Fift. r>.— Sudorlferoua Glands of the Human Scalp (ffrom a 
Thick Section). • 45. 

Tcclinic: Miiller'H fluid. Heiiuitoxylin-eo^in. 

Kt'fcrcnce lettcrH: vm, (iland-coil; dn, excretor>' doet; JM, plaoe of 

0|M'llijlK. 



<*x<'<*|)t a fi'w un(I(^r the |x>stcTior nail -furrow, but many 
hi^h Itfuf/Uudiruif rulgea rich in r*«apil lanes. 

The Glands of the Skin. 

T\w f/lambt of tJie skin are divuied into two classes — 
s('l)a(^HiUs ^landH, or hair-Hlioath glandiii, and sweat-glands, 
or sudorilenniH glan<1s. The Mfbureotin cfUmds occur in 
(•onn(H»tion with the larj^er and smaller hairs; they alwaj's 
li<» in tJH' upper layer of the corium. In certain regions 
of the bcwly they are found inde|K»ndent of hairs, as for 
in.stance in the labia minora. They represent glands bay- 
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ing few alvcoU, the wide excretorj' ducts of which open 
beside the hairs or around the smaller liairs. 

The gland alveoli have no real lumen, but are quite filled 
with the gland-cells. At the periphery of the alveolus 
the latter are cubic and small, but they become larger and 
larger toward the interior of the alveolus by the forma- 
tion of drops of secretion in the protoplasm. With the 
increase in the quantity of the secretion, the sebum, the 
nucleus of the cell shrinks and degenerates. The elements 
lying in the center of the alveolus consist of a collection 
of drops of secretion arising from the cells, without nuclei. 
The excretory duct of the sebaceoas gland is lined by 
stratified pavement epithelium like the epidermis and 
passes immcnliately into this at the point of exit. 

The Hiuloriferoua glaruh of the skin are long tubular 
glands much coiled at the blind end. The coil, at least 
of the larger glands, lies in the tela subcutanea, the excre- 
tory duct breaking through the corium and all the layers 
of the epidermis. The coil of the larger sweat-glandHy 
especially the axillary glamla, shows a high, oflen columnar 
epithelium, followeil by a layer of smooth muscle-fibers 
and then a thick membrana propria. The coils of the 
larger sweat-glands have a large lumen. The median and 
smaller sweat-glands have coils of essentially the same 
structure, except that th(»y have a narrower lumen, lower 
epithelium, and often a less distinct layer of smooth 
muscle. The excretory duct of the sweat-gland is lined 
with cubic epithelium and passes through the corium 
nearly straight or a little winding. The cells of the duct 
fuse with those of the stratum germinativum of the epi- 
dermis. In the epidermis the duct of the sweat-glands 
shows marked windings, which have a corkscrew arrange- 
ment in the stratum conieum and there have no walls of 
their own. They open into the j>orus sudoriferus. 

The 1)1<xk1- vessels of the skin lie in the dermis ; the 
larger branches in the tela subcutanea, the smaller branches 
in the corium. They are characterized by rich anasto- 



Plate 71.— sebaceous glands, nail. 
—Portion of a Cross -section tkixMsh * SetM 
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Vtmt of the Human Ala Na&i. 
The tirrpiintliou wm ukeo fmm 1 
Thi Ititniv nbowM the odls of Uiu 
*(( neoivtioa. 

: Mitllrr'a Dnitl. lIcnuiUixTliii-ranin. 
'11'^ ]vtti-n<: it. tlncluuitnsl ivll uikOfj; k.. much Hhj 
MM| H:, Iwnlcr (k-11m; A't. ikIIh fllloi with invretK 

Fie. M. —Transversa Section ol tbe Mall of a Two-ycar> 

iO<. X w. 

We Ajpirc nhinTn iibont iwo-lhinli oT tlir i-ntirc rmwwwtion ■ 
rM ■ ){i<iit>ni1 |il(^(iin<ot the rfliiUnii u( iioll-jiInU', uf iiull-fum 
d ot hull- wall. 

Pngnnilinii from tlio ooltpplinn o( tlii- Iiwltlnl<> 



Fio. 3.— PosUrior Portion ol a Longltudiiial Section of the 
Nail of a New-bom Child, x 25. 

The fl^re shows the pftpUlK of the luil matrix. 
Technic: Miiller'a fluid. IlBniatoxylin-eixiin, 



mosea ; thick capillary networks surround the fat-lobulea 
of the tela subcutanea and tlie coils of the sweat-glands ; 
moreover, capillary networks lie in the papillie of the 
corium, where tliey approach close to the epidermis and 
into the hair papillie. The outer layer, the longitudinal 
layer of fibers of the hair-sheath, contains capillaries. The 
veins form superficial networks in the deeper portions of 
the corium. The lymph-vessels of the skin are found 
abundantly in the region of the papilla: and in the tela 
subcutanea. 

The nerves of the skin are almost exclusively sensory. 
Motor nerves, the neuraxes of sympathetic neurones, pass 
to the arrectores pilonmi, as well as to the non-striated 
muscle of the blood-vessels. The sensory nerves pene- 
trate into the stratum gcrminalivum of the e}»iiermia, 
terminating either as free sensory endings or in teloden- 
dria with tactile discs. Other scn.s<>ry nerves terminate in 
the Meissner's corpuscles found in certain papillie of the 
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knoMm as the uvea, and the retina or tunica interna. The 
anterior segment is bounded by only (nie tunic, the tunica 
externa or cornea. 

The iris, which may be r^arded as a septum contain- 
ing an opening in ite center and representing the fonvard 
continuation of tlic clioroid or middle tunic of the eye, 
divides the cavity of tlie eyeball into a larger posterior 
chamber and a smaller anterior chamber. The o|)ening 
of the iris, known as the pupil, incloses a biconvex body, 
the lens, which is situated in tlie anterior portion of the 
posterior cliamber of the eye. The space behind the lens 
is for the most part filled by the vitreous body, the super- 
ficial layer of which thickens in the anterior part to form 
the zonula ciliaris. 

The space between the iris and cornea is known as the 
anterior chamber of the eye. The optic nerve enters the 
posterior surface of tlie bulb, nearer to the nasal than to 
the temporal side. 

The Sclera or Tunica Externa. 

The anterior trans])arent portion of the external tunic, 
the corneaj consists mainly of formed connective tissue, 
the bundles of which are arranged verj' regularly in 
lamella). The epithelium of the cornea is on the surface 
of this connective tissue. In descriptions of the «)rnea 
we usually distinguish five layers, which are as follows, 
named fnmi the anterior portion |K>steriorly: (1) The epi- 
thelium ; (2) the anterior elastic membrane or Bowman's 
membrane; (3) the substantia propria of the cornea; (4) 
the posterior basal elastic membrane or Descemet's mem- 
brane; (5) the endothelium of the anterior chamber. The 
epithelium of the cornea passes over at the e<lge of the 
cornea into the epithelium of the conjunctiva. Like this 
it is a stratified pavement epithelium, but has no papillse 
and only a few layers of the flattened cells. The anirrior 
and pofderinr clastic membranes are non-nii(»leated, especially 
differentiated lamellaj of the substantia propria. The 
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PLATE 74.— The Eve. 
Horixontal Section throush the Human Eyeball, x 4- 

Th^ prrtMnitinn «m toki^n Troiii n man who luul bocii rxeoiilMl, 
Th« igiiK f^vH It Kt^netiil |iittttin< of the i-ntiw bulb, witll 
pliM nt entnaoe lit the nntio ncrvn, nnd the lovcn oentntis, In wl 
ngion* iJin ngnro In rilichtV tlUKramnisllo. 

Tvcbato : Chroiuio kokI Mluuiin, S per wut. Hi-i»»t«Kj[liii'«<jaIit 
Rcfnrpnnr Itttcra: T, Coracft; cv, coiijunotlvai ran, nnti-rinr oham- 
b»T of thf> vyn, auiiKint ooiill Aut^rlnr; cup, imitorior olmiubi-r nr the 
eyt, caiui^nt wnili pualrriuri fi, (uvub oMitralia n>tiiUL>; /. irjM; tmr. In- 
aertum of the rwtUB muBcle; L, lens; nr, ciliary tntiHcle in tlie ollUuy 
body; Tin, optio oKrve; tw, ora serralA; p, papilla of optic nervp) Se, 
Mlera; He, zounln dliaris. 

gnhiil'iiiiia jiropria of the cornea conyiste entirely of con- 
nective tiiwai! and has very distinct and very regularly ar- 
ranged pHmllel lamellir, hetwiwii wliich the eomeal coi- 
pvwkit art' pUitK^I. The laiiR-Ilir tlnnit-clves ci'ii*i>^t til' 
firmly cemented bundles. 

The comaU celU are large, well -developed connective- 
tissue cells with lamellar processes. The cell-bodies are 
flattened from before backward; the lamellar processes 
pass between the lamellee and bundles of connective tiesne, 
branch and anastomose with the processes of neighboring 
cells {see Plate 4, Fig. 4). The coi-neat entlotJietiuvi win- 
siats of very regular, flat polygonal connective-tifisue c«;lle, 
which do not 8imi)ly cover the posterior surface of the 
cornea, but line the entire anterior chamber. 

The larger posterior portion of the external tunic of 
the eye, the«cfer«, shows essentially the name structure as 
the subst.intia propria of the coniL-a, hut there is a mani- 
fold intertwining of the connect ive-tiwtue IhukIIi-s. On 
.account of this the sclera is opaque and white. It also 
contains fine elastic fibers which enter into the stninds of 
connective tissue, especially in the ]»oHterior jxirtion of the 
sclera. The cells of the sclera are less regularly arranj^ 
and fewer in number than those of the cornea. The stratum 
ohanges abruptly into the sclera at 
The sclera propercontains few 
aa contains none. It is the 
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^Bnly structure cousii^tlng of fibnxis tissue which coDtaina 
^Hk> blin Hi-vessels. In the rpgiou of the transition of the 
^^Borntta into (he sclera and near the aiiU'rior ehamhcr, a 
^Hjrciilar vein is fomiil nintiing jMimllel to the edfire of tlie 
^Konim, the venoiM miuu of the lu'lera w tlic (ranal of 
^Bchieiiim. 

^H^ Lyaipli'Veasela are al.-io lacking; in die exUTiml tnnic uf 
^^Hie eye, as uIho in the entire bulbus. On the other baud, 
^Wery distinct periceUiilar lymph-spaces are fiiund 0!«|H^cin]ly 
^■d the oirnm, whioh am twnnvctcd with each other by 
^Bpaees corresponding to the proei^ssee of tlic cells. 
^H The sclera contains few nmwi. These are senaory and 
^■emiinate in endings resembling tendon corpust^los. The 
^Bomea is very rich in nervi's. These are also nenMory, tlie 
^Htfanchi's of which fonn jilexuses in the snhntatitiit propria; 
^Hpne sitnate<l near the anterior ela»tii! membrane is especially 
^*dense and is known na the suliepithelial plexus. The (<rr- 
minid branches of (his plexus penetrate the eoriieal epi- 
thelium, U'lween the cells of which they termiiutc (sec 
Fig. ;t8). 

The Tunica Media Bulbi (Uvea). 

Bctwien tlic wfhni ami tiie tuuiwi media or chomii] of 
the eye, Itwse pigiiientetf connective tiwue is found, linown 
an the Iniaiiui miprmJioriuldea or lamiivt fueea. It contains 
the larger nerves and blooil-vcss<'lB for the choroid. 

The middle tunJc of the eye, uiva, in unusually vascu- 
lar and contains in general all the es«cnl!al blncHl-vcHsclB 
of the eye. In it are ri-Ofjgiiized three functionally and 
^trurtundly distinct r^ion* — tlie choniitl proper, the 
rl/iarif body, and tlie jrw. 

The fAfjroi'i (insists of the following Iiiyi-rn, enumerated 
^from without inward: (1) The /nm/na i'<Mei(/oM[ or A^Hitnx 
^^kroprin, (he pnncijuil layer which contains flic larger 
^^B|es«1h, both arteries an<l veins, between which there is 
^HlDJid a fiiirou'' connective tinsue, containing pigment 
^^wIb; the inner jHiitiim of thin luyer, for a thickness of 
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PLATE 7S.— THE EYE. 

Hie prapuaifeiiHi was taken fRNn a men who had been esceeatedL 

The liipm riiowB the lamination of the eonMa^ 

IMmw: Ghromloaoid lolntkHi, 8 per oent Hematoisylin-eorin. 

Refennoe letteta: a^ Endothelium; ep, eiritheliam; lea. anterior 
elaetio or Bowman's membnuM; kp^ poeterior elaetie or Dew eme t'e 
membnoei ttL atntom prapriun* 

Fio. 8.^Pbrtioa of a Tnmavmrm Sactioa of tbe Thvas 
Coata of tbe Bye of Man. X^O. 

Tbe prqiantkm waa taken tnia a man who had been eieonted. 

The flgore givea a genflcal plotnre of the atmetBre of the thna 
tanioBof the^ye. 

Teehnio: Zniker*8 aidvtkm. Hematozylin-eoain. 

Referenoe letlen: Cft, CSioioJd; dke, ohorio-eapHlarto; JBS^ epiaol** 
nil Maine; B^ fetina; 8k^ aolenk 

alx)iit 10 /i, consists mainly of elastic tissue, is free from 
pigment, and is known as the lK>undary zom^; (2) a tliin 
layer, free from pigment and consisting mainly of large 
capillary vessels, which serve for the nutrition of the outer 
layers of the retina ; this is known as the vhono-aipiUary 
laifn* or vxnnbranc; (8) a very thin, homogeneous niem- 
hnine, about 2 ji in thickness, the uumibrane oj Bnich. 

In the anterior half of the bulb the tunica media forms 
two sjH^cial structures, the ciliary body and the iins. The 
formiT consists of two parts: the vUinry muwlcy which lies 
(?losc to the adjacent sclera and is the muHcle of (((romvio- 
(fftfion, and the proce^xLs ciiiarcs^ s(A'enty to eighty meri- 
dionally arranged, fold-like elevations, which project 
towanl the vitre<)us Ixnly. In th(^ jM)sterior {X)rtion they 
arc low and Injcome gradually higher anteriorly towanl 
the edge of the lens. They are very rich in bhxKl- vessels 
and serve for the regulation of intra-<M'ular pressure. The 
nliary miMcle consists of a mass of non-striated muscle 
formed of outer meridional and inner radiating and cir- 
cular bundles, passing over into ea<*h other without any 
sharp line of demarcation. The meridional fil)ers are the 
longest (tensor chorioidea); they originate fnmi the inner 

surface of tbe aden^ iw tUe re^iou of the canal of 
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Sclilemm and extend Imckward -over tlie origin of tlie 
ciliary proceHsew. 

Tin,' irii in ii tliin nienil)rane, in tlio center of wliicli tlierc 
is fomnl u oireiilar ojMninjr, tlm pupil. It li('(;iiiit at the an- 
terior Vil\iv of tlie ciliary ImkIv and extcmis to tlie iHlfje of 
llie pnpil, wlicre it endu, generally fliglitly tliickened. 
We diwtintini^li in tlie iris fimr lavei-s': (1) Tlie'entlotlieliiim 
of tlicjinteriorcliamber.wliicIicitverstliesTii-faixMif theiris 
Ixinlering on tlic anterior eliuin'lH-r ; (ti) the Htnitnni pro- 
jiriiim iridis ; (:!) llio {Hi.slerior eUiKlic liniiling niembniiie 
or the nienilmnic of Brnch ; (4) tlie pignietil layer of tlie 
iris; tlie latter, liowcver, is tlie eoiitiniiation of the tunii-a 
interna. 

* The i-nilofiii-/iina on the anterior (tnrfaee of the iris is 
similar to that on tlie [xist^'rior tiiirfaoi- of the cornea. The 
stitiJinii jimpfiinn of tlie iri.s is divide<) into two [ortti 
wliieh juLs.'i over into eatOi other withont any stiaq) line of 
dcnnnvation — the anterior rrimihtr nicniltnine conigxMcd of 
more deiL>«'ly woven conneetiv*; tisttiie and the ]>(Mt<>rior 
raitt-iiliir and titK«n//*/r ftu/cr. The latter conitistK of noii- 
striatinl iinisel(^ and niiineniuti lilood-vcHM^Ls and connec^tive 
tissue wIkm- cells contain niiieh pigment in dark eye» and 
a relatively small ainoimt in blond eyes. The miiMtle of the 
iris consists of the M/t/"'nc/<r j/iijiil/a: Kiirroiiiiding clreidarly 
the edge of the pnpil, and the tlil/tliUor juipilh: cunnint'inj^ o{ 
nidiatiiig Inindles, lying close to the posterior basal mvm- 
hrane. The two nmw-les arc coiniciitwl in tlie n>gi<ni of the 
pupillary mat^in. The himina IxmUinH (^>rn-s|N>nds in 
apixanincc and stmctnre to the xiinilur lamella of the 
choroid. For the jiignient layer of th(^ iris, wr<> nnder the 
n^tina. 

The vessels of tlie chwuiil are esscjitially tlie nhorl /x«- 
terior rillfii\t/ artn-ifx, while tin; luntf jiOMlrrlor nflttn/ ami 
the njitirhr cil'mnj itiiiTiiA pnivide for tlie noiirishinent of 
the ciliary Ixnlyand the iris. While the choroid vess»rls in 
the lamina eliorio-eii[iillaris form a very narrow-mesliwi 
capillarj' network, the vesjiels of the anterior ij'itt ^^^^ ^vi 
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PLATE 76.— THE EYE. I 

¥m. I— Portion of a HorlzonUI Section of the Hnmui Bulb 
Of the Bye ; Region of the Cfllary Body. X 1>^. 

Tlir prrparntlon wiw Inkcn from n ninn wlin liiul \vrt\ rumnttA. 

Tlie liKurc xtiowK iW iitiiitvprw w.-<!tiuii uf th)> vutire Iriit, nX Die 
ciliHiy limly «itli IIk- t-ilijiry iirneiwai imrtly in unrfoi* view, Ihc ploot) 
of Jiinctlun o( mnirn nii<l w^lirit. thv oonJunotivK biilbl, n portlou of 
tks lent, ami lliv Ifltera of ttie mnuU. 

Tucihnw: Chnmiio (wiU, 3 pi-r wnt. HMiiixt«jylin-i"-i!i. j 

HHi, iinlciiur oluiiiilwr of ejre; in;), punii'i" 1 ■ ■ ; W, mp- 

■ulo of Inm; /r, IrU; J^, Inu; ff, Ipiw rj'"'' •" n'lixclr,' 

ft', oiliary jiroiwwmi Per, mm olllfti-lii in 11 1.1 "■ -^ u 1 1 i/.j.. Hphdiu- 



^'. oiliitry jiroiwwmi Per, pm oIIIai-Iii ii'iin.i 
iiuil ot Hohlfmni; ^, xoniiln DJliarlii, 



,. Portion of « Horlxontal Section of the Lena In tbe 

Redon of the Equator, x tfJO, 

'I'lip' iMF|«inili(>ii w.vt i:il.rii tiiira n ninn who liwl iH-en pxi-cntnl. 

'I'll' li^ -Ii.>i>. ill' "inUx'liiil (llxT liiiiltMor t1i<- l<'im. Tli(< trail - 

fiiioji.ii r)i>- iiiiiir l<-ii~ I i>iihi'liiiiii of the niib-rior »urfn(« into the 
elongated len»-Sbers at the equator ot the leiw. 

Teohnio as in Fig. 1. 

Ucferenoe lettera: d, Capaale o( lena; rp, lens epithelium; If, 1en»- 



iivea form at the base of the iris s vascular ring, the cir- 
<rulii» iridig major, frwm whicli the vessels of the ciliary 
Ixwly an(] the radiating vessels (capillary vessels) of the iris 
proceed, which surroiind tlie pupillary margin circularly, 
forming the circuliis iridis minor. The veins of the iivea 
are, aside from the sinus veiiosus or canal of Schlemm, 
four large veins, lying io the n^ion of the equator of the 
bulbus, the rence vortieoKce. The nerves of the choroid are 
essentially vascular nerves, while those of the iris and cil- 
iary body are muscular nerves from the sympathetic, the 
sphincter of the pupil and the ciliary muscle receiving their 
innervation through neuraxes of sympathetic neurones of 
the ciliary pinglion, the dJliitor cif tin- pupil through neu- 
raxes of neurones of the sujicrior eirvit'al ganglion. Sen- 
sory oervDft t«rminat(! in i'nv. seiwory endings in the 
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Betina or Tunica Interna. 

TLe tuuica intenia oonaUte of two main layers, the pty- 
nitTi/ cpitJieliiim aud the true retina. Tliey represent the 
wo adjacent layers of the secondary optic vesicle or optic 
W. 

J The pigmenl epUJielium, the outer layer of the optic cup, 
nnsi^ts of very regular, hexagonal cells of flattened cubic 
form, which consist of an outer half showing little pig- 
ment and containing the nucleus, and an inner, markedly 
pigmeDted half adjoining the retina (see Plate 3, Fig. 4). 
The rditui is divided into two main ptirtions, the luav 
opiica or retina proper and the para coxa. The latter is 
divided again into t\ie pars cilinrU and ptirs ir'uiira retiiia, 
two, (Ktrtions which are not sharply scpanitetl. The pars 
uptioi ant) the pars ciecji are ec^tai^ted by u sharp line, 
which has generally a slightly wavy course and is macro- 
scopically visible, the ora serrnlu. The liner structure of 
the retina is complicated and in some parts not fully in- 
terpreted, so that the discussion is here limited to the moat 
imiwrtaut points and those which are well understood. 
The stnicture of the retina proper {para ojituu reHniT) is 
essentially as follows : It consists of three elements differ- 
ing in structure and function ; the su,ppoHiwf denieitUi, the 
r cangtituaila, and the neuro-epiiheiial layer. The 
Bpporting elements are intimately Hinuccted with the 
mer two constituents, and, like the elements of these, can 
ie distinguished in their whole extent only aft«r the appli- 
cation of s|>eciul metbo<ls. On observation of the retina 
by the nsuul methmls of invt^sti^ition, it sppejirs to be 
^^!om{H)sed of a number of layers, which, reckoning from 
^^bithin outward, are as foUowa: (1) Mcmbrana limttaiis 
^^btema ; (2) layer of optic nerve-Sbers ; (3) layer of 
^ganglion-cells; (4) inner reticular or plexiform layer; 
(o) inner grauular layer; (6) outcj" ri'ticulnr or plexi- 
form layer; (7) ont«?r granular layer; (8) outer limit- 
ing membrane; (!)) rods and cones. We n'lain here 
^■the old chtssification of layers, wltlch, in s^ite o( v^ 
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Ih- dixtx-nHcd with fur the I 



inconij>IetPiie.i(i, 
until u new uml eutiMfautuiy iiomciidutiirc is nt htind. 
Of those layers, thfi limUinff nunaf/mum iH-loiig to th« »up- 
porlinK clcnK-iibt, the hiyi-r of optie nmr-jHttTf, tlie layer 
of ifanglion-tvllM, the inner graitular layer, and thp inw • 
anil iwrt of ihe ouirr plrxifunn luyt-rs an- to be ootint-ii 
among the ncn'ous constituents, while the oiUrr i/ranulu 
Ijiycr, with a [mrtion of the miii-r pU-xijunn hmr nml tin- 
hiytT of hkU iiml eones, reprc»ent lh^■ iii.'nn»-ii[iithiliiirii. 

The siipixirtiiijr fmiiu'wnrk uf llic nihiii is (imrnfl uf 
tlio ifiiitfMjjIinff JiOciv of Mallei: ThL'we ixtcml thruiigb th-j 
entire Ihiekno.sn of tfie retina, be^inninj^ at the imier siir- 
ftti-e of thir n-tina with coiie-shamii eiihiiyt'nicnta known 
a» j'oot-jilahit, which hy their fiii<ioii form the internal lim- 
iliiiK RK'nihrune. They have iiiieloi wliidi nre sifiiat*'<l it> 
tlie inner )rniniiliir hiyer. It has been shown Ity nieniiK 
of iipecial nidhmlrt tlmt tJicy give ofi' lateral brunvhes in 
IhjiIi jilexiforin layers, and in the );raniilHr layers show 
iinpresaions from the pressiiri' of the elements of tlic-i 
layers. The Miiller's fibers fonn the external limiting 
menibnine, u niembninons stnictitre with o|X'nin(;s for thi 
rods and eonen and line processes |»mjerting between thi' 
nuls and cones called JilK'r hitihiii. Besides llic Mulk-rV 
fibh'i-8, glia eells and fibers arc found in the retina, lint 
only in the layer of optic ncr\'C-liiK'rs. 

The lajier of iu:rw-fibfr» is formed of the non-medullated 
filwD* of the optic nerve. They conKtitiite in the iiiaiu 
the neuraxes of the nerve-cells of the ijanglioit~crll Inycr, 
which contains lur^re innlli[K>lar f^in^lion-eells. The den- 
drites of these ganglion-celts spreitd out in the inner 
plexiform or rt-ticular layer. The innir jjlej^/orm lai/rr 
contains the terminal branchingH of the dendrites of tli<' 
neurones of the ganfclion-cell layer, as well as the neumxos 
of the neurones of the inner gnmnlar layer and dendrite?^ 
and neuraxes of other ganglion-eel Is. 

The inner grnnnlnr /(lyrr, or, as it may better Ih- known. 
the inner ganglion-w-U layer, is composed of several di^_ 
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t kinds of I'li'tiifiitu : (1) The luidfi of the Miiller's 
libera; (2) smnll bipolw gaiigUon-tfih, the nuclei of 
phich ri'preseiit the iiiaui nias.'i of the "ji;raDiiies" of this 
layer, the iietimxes of which ]K'netnitc into the inner 
xifurin layer and there braueli, while the dendritic pro- 
ws show the snrae relation to tiie uiitvr jilejciform layer ; 
jey are said to penetrate even to the cells of tlie oiiter 
roniilar layer; (3) two grou|)s of oella, isonceruing iJie 
Ration of wliich Uie views ore still contradictory. Cer- 
bio of tliese cells l)ear the name of apoiujiMit^a or 
' amakruuf <xU», also known as [larariiicuiar eeH« on acoonut 
of thair »itiiation at the b<irdei» of the inner plexiform or 
reticular layer ; they are ganglion -eel Is of the sitiond type 
of Golgi'a olaswification, with rich branching of their 
nenraxes in (he inner plexifomi layer. Another type of 
cells found in the inner gmnnlar layer is repiiwenled hy 
; liorlzoiital celbt ; tliey He mostly at the bordere of (lie 
inter plexiform layer aud send out a nenruxis which runs 
' vizonlally. Tt^thcr with the amakriuc cells they arc 
pid to form a reflex arc in the retina. Tlie outer [>Uj.-i- 
rt layar oonsiist.s again of a dense network of wll pro- 
The oufcr pmnuZar or nucfcor layer contains two 
Diida of cells : Tlie main [wrt is formei.1 by the rod vmml 
celU ; tlie second form, the cone rurual eelU, lie with their 
nuclei generally close to the outer limiting niembniue. To 
these cells belong also the rods and coneK, whioU are prob- 
_-^bly to be regarded as euticular formations of the ei-lls. 
ffhe rod weiuil ttll con^^istin of the rod, lying outside of the 
temal limiting membrane, nnd the rod film; lying iu- 
ITteriuil to that membrane. Tin- hkI fiU^rs arc long, slender 
cells, wbieb show an enlargement, the rod granule, at the 
place of the nucleus. The inner central end of the fiber 
is thickened at \i» endiiit; in the plexlform layer. The 

Id consists of a Mimewhat broader, nxl like, grnnidnr 
ner segment and un exactly oylindrie, goraewlmt nar- 
wer homogeneous outer segment. The outer segment, 
hich is doubly refructive, may be separated by certain 
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nmgcnbt or by oertain metliods of Mtutniug into tmnsvem ] 
tlixtv. T)i(< inner i-nd of the inner »u>g;in<!iit xbows i , 
delicBtf suprticial striatioH, 

Liki* tJio rhI vimiiil wlls, the cone rvmat eifiUi oownM of 
conos and cmc libcni. In tW cmir Jihrra tlw niicletts Ii«a 
0I090 to the external limiting nienibmm-; the renl iItH>r^ 
theivforo, lie intuniul to tli« nucleus unci exteati through . 
the nutor granukr layer to the nut«r plexiform layer, 1 
where Mieli uiidif in a com-Hlmpcd i-nlHrgcmi-nt, tlie rtme ; 
/ooL Tlie «m«, like the rods, havp an innerand an outir ' 
scgiiifiHt. The former im- thick fliwk-Jiapwl ; tJii- lattvr ] 
are abort, much wliorter than the out^r aegrnentfl of tlw 
mUn, tind liavi.! thcfonn of a narrow oonc. The rtnidii r« ] 
of the cont'H in olhorwisc cBBentiaUv the same as that of 
III., nxis. \,.t ;ill en,.,.. !i;lv.. tliV s.mc P>ri,i ; at the 
|)eripliery of the retina, near the ora eerrata, are very 
short broad concfl, while the region of tlie macula lutea has 
long narrow cones, and tiie cones of the r^on of the 
fovea centralis are so long and narrow that they assume 
almost the form of ro<ls and are known as /oveat oorux. 
The nnml)er of rods is greater than that of the cones. 
Generally four to five rods occur to each cone. Only Ed 
the middle of tlie macula hitea and partly also in the 
neighborhoo<i of tlio ora scrralu is the relative proportion 
altered (see page 227). 

The rIemmlH of the retina, aside from the amakrine and 
horizontal cells, are so connected tliat the light impulse is 
oirried through the nxl and cone filrers into the outer 
plexiform layer. Here these are in contact with the per- 
ipheral dendrites of the bijxilar cells of the inner granules. 
The bipolar cells of the inner granides again enter into 
contact by mcmis of their neuntxes with the dendrites of 
the ncrvc-cells of the ganj^l ion-cell liiyer, the neuraxes of 
which form the optic filR-rs. Tlirco jxirtions of the retina 
are especially distinguished on account of their structure 1 
the ora Kerrubi, the fovea centralk, and the place of en- 
(rance of tlic optic lurve. 
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Before rencJiirig the ryra aerraUi the retinii bfotimcs i-sscii- 
'^ially thinner. The optic fiber layer i« entirely lacking; 
only a few scattered gangliou-celt iire fiuiml. Finally 




tFig. 61. — Piagranuimtic repreaentation of the plemeots of %\\v 
retina and of its nervous relations Iwithonl consideration ot tbe 
amakrine and boriranital cells) ; to the left the Hnpporting elrmenta, to 
tbe right tlie nervons eleroenls and nenro-epithelium. fk. Fiber 
baskets of Milller'B fibers; it, uoclenH of Mailer's fiber; rf, fiber cone 
of MUller's fibers; ttk, rnd niuileus; tk, coue Diideus; 1, internal lim- 
rtiog membrane; Z, layer of oplio fibert; 3, ganglion-oell layer; i, 
inner plexifona layer; 6, inner granular lay«r; 6, outer plexiform 
layer; 7, oni«r grannlM layer; B, anier limiting membmne; 9, rods 
Aud ounes; 10, pigment epitbelium. 
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plexiform layers and the inner and onter trrnnulur Iny- 
ers become confluent and form the eiihic epithrliiim of tlie 
pars oiliarls ri;linie. liods and eq)eciuliy bvimd, short 
cones extend to near the edge of the ora eerntta. I«rge 
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PLATE 77.-EYB. 

Fto. 1.— Portion of a Cross-section of Uie RetliM o( Mas' 

In tho NelEhborhood of the Place of entrance of the OpUo 

Nerve. .■ 1*. 

'Dill pr>-|ianit.i on uu* Uikrn (n>m n man nho hml Ihwii rxrcntrd. 

Thr fl|;urF rL-prHii>nlf> llir t.vplml luiiiinutiiiD uf llie rvttnik Nor«^ 
niHtr, ^i^tl«ii-c«H, ftnd inner ^inular Ijiym are nlatiri-ly well <]^ 
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Tivlinir: Zmkcr'ii Bolntiini. ilrmatoKfliii-eaun. 

Rcrvri-iior It-tlnn for Flicn. I->1: /, [nlonuil llmftinjc nimitiraiw; ., 
layer of optic oervt-flbeni; 3, gnngiluo-wll layef: i, Iniiw pleslfono. 
Inypr; d, Inner ffnuialar luycrj S, outer plesiforni tajrer: T. (intvr g — 
ular Inyer; «, p&t«riui1 llraltln^ itiouihnno; a, nxl^nnd coon; ^ , 
oonntand furml ucmoi; 70, pi|;iiiput eplthttllnnii A,«, Itlond-i'ntwrln of 
t)i# rr-ilna; rA, (-borDliIi pir, jioni dllariit rctinic; r/, HllUer'n Qbent] 

Fill. j.-Tnuiav*fM Section through the Fovea Centralifi 
of the Human Retina, v l-j,-,. 

Tllp pn-|BirBt.i'>ii «ilM fJiki'ii tnim a turn who liiiil Ik-cti cxwintwl. 

Ti«hiiic: Sublimate. Heniatoxylin-fosiii. 

Flu. 3.— Meridional Section through the Ora Semta of 
Man. X 100. 

The prtparatioii was taken from a man who had been eieotited. 

Till' Hfcure shows the grwliiiil onnnoenoe of all the retinal layers, 
which often contain vaouoltn, into the simple oolnmnar ocIIh of the 

Tn'Imic: Chnimic aciil, 2 fier cent. Hematoxylin-eosin. 

hullow ti|>iu;L'8 arc often foiin(i in varying number in the 
rftiiiu at the om sernita, thoiiglit to bo due (o edema. 

T\w fovea centralis pres<'»ts a number of peculiarities of 
lumiimtion, which continue jwrtly into its nearest surround- 
ings, but in the region of the macula lutea pass over into 
the usual structure of the ivtiiia. 

The gaugliouH^ll layer thiekeii^ con^derably in the r&- 
^(lu of the fovta centralis and macula lutea, so that its 
elenicnts form from five to eipht layers and the inner 
granular layer is much broader. Henlc's fiber layer, 
cone and rod fibers, which here fimn a di.ftinct layer be- 
tween the outer granular and plexiform layers, is very 
distinct. In }>lace of the rod and cone visual cells, cones 
alone occur, which, toward the base or fundus of the fovea. 
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increase in length and diminish in caliber (compare page 
224). Corresponding to this, the cmter granular l^er 
consists onlv of c*)ne vLsual cell?, the nuclei of which do 
not all lie in dose relation to the external limiting mem- 
brane, as in other parts of the retina. The fundus foreas 
is characterized bv the iact that nearlv all the lavers of the 
retina are lacking except the foveal cones^. All the others, 
especially the inner layer*, are here reduced to a minimimi 
and pushed aside and thus increase the slope of the de- 
pressioUy the outer granular layer being reduced first. 

At the point of entrance of the optic ner\'e, the optic 
papilla^ all the retinal layers are lacking except that of the 
nerve-fibers. The ]xirs ctvca reihur presents differenct»s in 
the regions of the pars iridica and {Kirs ciliaris retinie, as 
in the former the pigment epithelial layer and the retinal 
layer are both pigmented, while in the latter the retinal 
layer consists of cubic or low columnar unpigmented cells 
in a single layer. 

Only the pars optica retinap c<.>ntains blood-vcssch which 
rise from the arteria centralis retime and ojwu into the 
vena centralis. These bhxxl- vessels nourish only the 
inner layer of the retina and lie in the layer of nervi^ 
fibers, rarely in the layer of gjingl ion-cells. The fovea 
centralis, as well as the iieighl>orhood of the ora serrata, is 
non-vascular. As has bec»n stated, the outer hivers of the 
retina are supplie<l by the dense vascular network in the 
chorio-capillary layer of the choroid, whose main function 
this would seem to be. 

The Optic Nerve. 

The optic verve has thre<» sheaths, which corres|)oud to 
the dura matei\ arachnoid, and pia vuiter of the central 
nervous system. The Jihrrtf of 1 h(» optic nerve, like those of 
the centnil ner\^()us system, an* rnedulhited, but are without 
the sheath of iSc'hwanii. The pia mater sends numerous 
septa into the interior of tlu? nerve; and thus forms small 
bundles of optic ncrve-Jibers, W ithiu the bundles the frame- 
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PLATE 78.-EYE, Lachrymal gland. 

Fm. 1.— Lofiicltudlnal Section of the Place of Entnnce < 
the Optic Nerve In the Human Eye. X 1h. 

Iliv |>rt-)inrEiltoii wnx taki-ii (rum a mail nhu hail biTu txc^nlMl. 

Tilt I)k"1* iihovrs thn opiia ni--rvc> with iu> ahmthK luiil llbrr-bi 
illiw, rhr |iiM«wc IhniiiKli tlic lamina crllinwa nclccip und Ihr -iitrHHling ^ 
out ot th(- Ulwni ill llie upiKtr layer u[ tin- rrtiiia, Iii the sxU the 
vena (vntnilia is nwU Siirmnniting the papilla ncrvi ojitifl wvaee tho 
croi«-«ii*ilon o( ihi- ooalM of llui cyp. 

TecUnio; Suhlinint*-. HenialiiKylin-Mwin. 

licfcrpiuv IdUcm: Ck, Chomid; d, iliiml tihrath of nptlo iiurvr; rm, 
phy8<olii||[ie i^ravntioit of Ih)- ]M|<ltlii of tht- uptio titrvp; /ne, bundlM 
of the (iplic norve; le, laniiuu mliniM of tlio Klem; no, optic nervr; 
p, piii-nrnrhnoidal Rhcnth of th<> o|)ti« Rrj-vr; A, n'tinni iSi', Mien; w, 
vfnnwii trails. 

Pia. 3.— Portion of a Transvorse Section of the numan 
Lachrymal Aland, x imi. 

Tlu- iirvimratlou wtw iaktn from a miin who liod boen eiMmttil. 

Thi. li;;iir,--.|i.."s III,. I,„s,. arniiiirfiii,...!. nf tlii' lolml.'Sfif Ihp Inch- 
ryiiml^L^i.i . : ■■: ..■' :.■ , „iMi.-rti>r N-nr In fli.'uliinil 

Kelcrence letters: bdj, CoQntcti>e tiHsne rich in lymph-oelU; (fai, 
median eiureUiry iluct; d*,, email excretory duct; F, adipose tiaane; 
H, tuliute with branchiogs and dilations. 
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work is formed, not of ciiilonouriiim, as in the peripheral 
nerves, but by neuroglia tiame. As in the central nervous 
system, the optic nerve has a peripheral neurogliar mantle. 
In the interior of the optic nerve are found the central 
vein and artery of the retina. 

The fibers of the optic nerve become non-medu Hated in 
passing tlirough the sclera. At the entrance of the optic 
nerve the sclera is penetrated by small openings, this area 
being known as the area cri&rosa ; the choroid is here en- 
tirely lacking. The non-medu Hated fibers of the optic 
nerve spread out on the retina, forming a flattened elevation 
with a !sliglit hollow in the center ; these arc known as the 
n[Aic papilla, witli the physialogie cccavallon in the center. 

The Vitreous Body and the Zonula Ciliaris. 

Tlic vilremis body is rich in fluid and contains some few 
connective-tissue fibers and leukocytes; connective-tissue 
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PLATE 7q.— EYELID. 
Vertical SecUon of the Upper Eyelid of Man. X 14. 

Thv [iri'iiaratiou waa taken from r. nuin wlio IimI Wn rxwuUtl. 

Thtt (lu'ircKivMi Rytn-nil vir* of ihi- striK'tnTi- iJ the eyi-lid, show* J 
ilK itmllflnrrnt layrm. Thd dllu ntvmft In Ihc WTtion, one of wliJcii^ 
i« ill thu txiK'vM ut talllniE uiiC. A Biiiiilt owtvmry Iwbrjnuil |;tiuitJ b'] 
HBPU Ml tlic utiiiunvtivitl lurlBre. 

Trehnlc: MlilltT's fluid. HFiiuWoxjlln-waln. 

Kctiimioo lutu^ra: at. Arterial orniii tampun; C' I'ilia; di/l, exentttrf 1 
du(4 lA tamol Klnad ; j^fr, i^illar; ^luid (Moll); glla, unvswiry lochry- ' 
inal ([l'U"1; 9"i Mi>liM>iniiui ^Uod; McB, ciliary iiiuKcli' ot Rioluni: ■ 
3fi}p, M. orbinilmriH pulpcbrsruni; Ml, nun-ntrial^il uiuw-l(vflbers of I 
Ujp tnnul nnwolc anil tcndmi of thn Irrotor {Milpchm- supcriorisi nie, 1 
lymph-nndHi of lli» conjuncllvft pHlpvltm; T, tareim, 



the lid; (•'}) the taixus with the tarsal ^lamU; (G) the I 
(^)iijiliii'tivii jm]|H'l>niruni. 

T!i.- xki.i .;/" //.. /;./ ].rv..-iil.> .11. jLviiliuriti,-. ISvlw.^on 
the outer ami inner edges of the liJa it paascs gradually 
over into the conjunctiva. Here one or two layers of 
relatively thick hairs are found, the cilia, which are char- 
acterized by tiie fact that they are regularly and quite 
frequently shed, and as a consequence club-hairs are oflen 
found. Id the region of the cilia are found the ciliary 
ffhndg or the glands of MoU, modified sudoriferous glands, 
which differ from the ordinary sweat-glands in tliat they 
branch and possess relatively large oval or spheric alveoli. 
A portion of ^te palpebral miude pushes between the cilia 
and the inner edge of the lid and is designated as the 
^[. famaHjt, or the ciliary muscle of Riolnni. This sur- 
rounds the opening of the Mcilwmian glands to a varj'ing 
extent with bundles of transversely striated muscle. The 
main mass of the po/pe6rn^ WHWcfe is separated fnim the 
skin of the lids by loose subcutaneous connective tissue, 
llctwecn the muscle and the tarsus is h>nso connective 
tissue often containing fat, which surnxnids the larger 
hlood^vesaeU and n-erve trunks of the lid. In the neigh- 
borhood of the roots of the cilia the arterial nn-us tarseiia 
is found. 

The taraua or lid cartilat/e is composed of dense formal 
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PI.ATE 80.— ORGAN OF HKAR[NO. 
Fiu. 1,— Portion of a Transverw Section of the BxtCTIMri ' 
Auditory Canal ol Man. -■■ |.^. 

'riip iHTpftrnllon »iw Uikm (mm n mnn who hiul lici-n c xficiit«iil 
Tbu fiKUrr |<ivni a gt^nnntl vlr'W lA 1\k curtlla^iuuiiH rxtcrual 1 

TmjIiiiIc: 5IIIIIm''* lluiil. Ilduitbixyllntviiiii. 

Refprvnuv Irtti^ni: glc, Cf niiiiiiiuits gloiHlB; gim; m-Imumiim ):liuidii; 

kn, cnrtilHge. 

Vm. 3.— Portion of a Cn»f>ectlon of a Cochlea of a New> 
born Child, y W, 

Thi; prppantinn won tnkm from a itill-hnrn chilil, 
'llir llifuni b1ii)w« \\w mf#-^r\'i.,n nl :i ilm-r ill llif 0!»*imii oiwhluft 
Bin] giv™ iiueurTDl view oF lln' iIu'Tii . .-.l.v ..li- 
Ttiulinlr; Hi-rmnnn'imoliilif'ii 'I' :!■ :i-IH. 
K»I*r«noii Icttvm: 69, UIoihI i.iina corlrleariit; jw, 
aplrat gmiRliim; Kn. twiip; />/'. i' ' . '' iim. Umiiut Kiiinuu 
lui'iiiliriiniuvn; /»;>«, Inniiim -im.:' - ■ .1 ■(!■. lui-iiilnniin vi-sllli ill aria 
or Ui'iM«iii'r'- iiiitiibiii'i.'; u, in'iMin iiiii-.lii'ii^; -W, "iiila lniJlKUli; rji, 

VM promineiiH; kb, soala vestibnli. 



epithelium, the larger by columnar epithelium Bhowing 
two layers of cells. Sympathetic ncr\'e-fibers have been 
traced to the celU of the secreting tubules. 



THE ORQAN OF HEARINQ. 

The organ of hearing consists of the external car, the 
middle ear, and the inner ear. The eaiental ear in com- 
posed of the pinna of the ear and the external tindilorp 
canal. The tympanic membrane separates the external ear 
from the middle esir The external eiii con''i-.ts of a cartil- 
itfrinoiis framework of elastw caittlar/f, which is covered 
by skin. 

The external auditory <xinal iia.s a framiwork consisting 
|)artly of elastic cartduge and p.irth of iMine, to which is 
iutiinately attached a thick niiiLons menibnix fbc latter 
is really a cuntiiniution of tin -km, and, like tln-<, presents 
stratified pavenunt <.|iithiliiini with snull liiir tolliclcsand 
relatively large wIhilihi!" glandn and i-.pecially large 
vudoriferovM glan(in ktionii is urumtnous glands. These 
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have very large coils composed of branched tubules with 
large lumen, liigh epithelium, and distinct non-striated 
muscle-fibers, like the axillary glands (see page 211). 
The excretory ducts are short in comparison with those of 
other sudoriferous glands. The glandular epithelium con- 
tains pigment granules and often fat granules. 

The middle ear, the tympanic cavity, has a thin mucous 
membrane, often with ciliated flattened epithelium, which 
changes in the Eustachian tube to a stratified ciliattKl epi- 
thelium. Glands are absent The tympanic membrane 
is a connective-tissue membrane, which is covered on the 
tympanal side by the mucous membrane of the middle ear, 
on the outer side by the mucous membrane of the external 
auditory canal. 

The Inner Ear (Labyrinth). 

Sacculus, utriculus, and semicircular canals pre- 
sent in general the same structure. 

The m^rmbranoua duds are composed of a flattened epi- 
thelium, a basal membrane, and a connective-tissue 
sheath. Loose connective-tissue tral>ecula3 unite the mem- 
branous ducts to the bonv wall. Between the connective- 
tissue trabeculae is found the perilymph. At the macuhe 
and cristas acusticce the epithelium is thickened. In those 
places where the endings of the vestibular nerve are dis- 
tributed, a typical sensory epithelium is found, which 
presents two kinds of cells: (1) The hair-cells, columnar 
cells situated at thel)order, with ciliate<l margin; the cilia 
are known as auditory hairs ; (2) the long fiber-cells occu- 
pying the entire thickness of the epithelium, narrow and 
broadened .only at the lower basal ends. The fiber-cells 
are probably supporting cells. On the auditory hairs are 
crystals of calcium carl)onate called otoliths. The fibers 
of the N. vestibuli become non-medul luteal at the basal 
surface of the epithelium, pass between the hair-cells, and 
end on their lateral surfaces, at the same time branching 
at their bases. 
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l''Ut. 112. — Tmnwici-m- un'riiiii of iIip owi-oub uiid uiemlniuioiM a 
cinriiUr ooaal of » mnv-li'tni uliilil, ,-. la. Tbo dgarn nhowB in 
uppvr portion, txwniriinllr pliuvd, lh« rmpi-iipoUnn nt th« mmtl 
am ■unkiimalu' mnnl, whlirli it n>iin>oi«<l with Uu> omMDB vniU tif 1 
wme few oouiiKiilvivtiHHut^ trab(iml«. Mg, Cunncelive-Uieiut liwtw J 
ulu!; If), blood -vtwr la: (71, fpliJirlliini ot Ih« mcmbntnanii dnot; In, 
OflMtitiH w»Tli t)ir, mrtllaitliimiM rfiiukiiix; ji, periotiteiim. 

ttji, (H, — TmiiHVcne ueotiini of tlip iiucuIa aciiKtien of Utc eai. 
X Iw. Tho flgitre prracnts the llili-ki-ninic of Ihn ppU-hKliam In tba . 
region of ibx luamila MiiHlioa anil Itiu eutmnn' of Mm- ni-Ti'>!. (bT> HtxriS -I 
ot wliiuh nre mntiillatMl until tlic^ mtrh tlir bmuil mpmlnne. IS I 
C'oininiuu'cplUicJium, formina thn tnnMtion of tlii^ lUttt-nM «'(dtl)»-l 
Hum iiilo t)ii> wtisory pulthelluui; n. Iimuch uf ii(>rvui) vmtllnili; t^^A 
■ume tiiMlnllnMl nerVR-libcn •pproarbtDK the cpitlicHtuii. * 



Tb« Cochlea. 

The cndilm jinx-iiU n far morr cfwnplkfltwl structan 
than the ncmicircular cnnal!«. Tlie memlu-nnou^ eochlm^ ^ 
tlif iiui4tui eorfiJriii'U, <:)irr(<s|KiD(l(i lo tin- nK'iiilniirioUM Kcmt- | 
imoilar canals; the spaces i>f the ^nila t^mixini find scala j 
vcHtibiili roprownt tho jNirilj-iniiluitiv i»[mctt. 

Tlia dactus ooclilamA in a npirall; twiBtnl canal, trU \ 
OMiriilar in (•roiW-s<ftinri. Tin- lliiii mrmbrana veMlbnliiriM 
or lii'i^smTV iiu'iiiliriiiie forniH its iKjuiiiliirv 'in ihf t-iiie 
oftlic scalii vestiliLili ; its Imwc cmisistH of the lamina ajti- 
ralln membra luu-m ami piirtly also of tlie litmvia njnralu 
oMnm, which f'i)nu tin- biiimdury dd tlie mhi of the scala 
ivmpaiii ; the liitentl wall lies a^ni>st t)iu periosteum uf 
the outer wall of the boiiv coelihii. On the inner sur&oc 
of It^'issner's nienihrane the q.llhclium .if the eochlearduct 
is flat; on the lateral wall, fnl>ic. Tiie epithelium on tlie 
monibmna spir.ilis repn-sents a liiglilv <litl'en'iitiatcd and 
s|ieciali7X!4l neuro-epithiiium, the fo-c;illeil orf/an of Oorti. 
lieissner'w ineinhrane i« iiiwrtHl on the surface of the 
tainiiia spirnlii^ ossea close to its freeen<l,so tliat u jiartof 
the ossiHiiis spiral lamina forms the tyni]iana] l>oundary of 
the cochlear duet. At the pla<;e of attjiehnicnt of Reiss- 
ner's membrane, the periosteum of the os.40ohs spiral 
membrane is thickened to form the linibus spiralis ; this 
thickening projects freely into the cochlear duct and ia 
known us the labium vestibulare. 
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A similar periosteal thickening is found on the inner 
surface of the outer cochlear wall, where the membranous 
spiral lamina is attached ; this is known as the ligamen- 
tum spirale. That portion of the ligamentum spirale 
which forms the outi»r wall of the cochlear duct is rich in 
blood-vessels and is designated as the stria vascularis ; in 
it one very prominent vessel is found projecting into the 
cochlear duct and the elevation is termed the vas promi- 
nens. The membranous spiral lamina is a membrane 
composed of fine connective-tissue fibers with oblong flat- 
tened nuclei. It is attached to the free end of the osseous 
spiral lamina at the labium tympanicum. The crypt of 
tlie cochlear duct which lies between the labium vestibu- 
lare and labium tympanicum is called the sulcus spiralis. 
On the under surface of the membranous spiral lamina is 
found a connective-tissue layer from the periosteum of the 
scala tympani, the fibers and nuclei of which are vertical 
to those of the membranous spiral lamina, the so-called 
tympanal parietal layer. This generally contains a blood- 
vessel, the vas spirale. The cubic to columnar epithelium 
of the lunbus spiralis cliangcs at the labium vestibulare 
into peculiar flat processes called auditonj teeth. The 
epithelial cells of this region form a thin cuticular struc- 
ture of fibrous appearance, which is often slightly curved 
at the end, extending from the labium vestibulare to the 
cells of the organ of Corti. It is known as the vieinbrana 
tedoria. 

The organ of CoHi, which is formed from the epithe- 
lium of the base of the cochlear duct, is situated on the 
membranous spiral lamina. It is composed for the most 
part of three special kinds of cells : the pillar cells, the 
hair-ceils, and the cells of Deitcrs. The pillar cells lie in 
two spiral rows, an outer and an inner. They are to be 
regarded as supjwrting cells of the organ of Corti. They 
consist for the most part of a comified substance and 
stand with the base on the basilar menibnuie, while the 
broadened heads are in contact with the pillars op[K)site ; 
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f'la. D4.— Lunidtiiilintil gHTtioD of tiie ooebloi ot tht oU, X SS. 
Tlir n^iin givn n Bcnpml view ciT the endilm. Thn iwrtion wm ont 
tlin>u|£li tilt tnixlioiiix; In thf nioillolus ot Ui« cootilm we wp tlie vodi- 
Itw VuDcli of thr DETViU iH'uationit wid Ha bmiwhinKn tn the liuninn 
Kplmlk*. The onchlrM- rluct i* mrt aix tinum in the acotton, rfr, Cirb- 
Imrduot; jnfi. apitnl gniitclioni Kit, (wwous oodilMir wall; Ixp. [i|ot- 
mfrntnm Npimlr; oMp, nititnlinuui Rpimlia; mf, roembmiw vntibulnria; 
it, nM-Tin coohlFsrln; nrf, miU tympnal; ir^, imln vfltttbnll. 

Fig, 05,— A iwftioti of the iwutiuti from Vif. Hi ui)d«r higlur man' 
ni6nitian. >. li^. Tlie Sgare rho-Kt the lurnibnuioiu iplral tnmiiw, 
with till" orpin of Cortl npon II. oM. OaUr \uur-<^\h; apf. outer pil- 
lan; ax. ovUiuf Clnodiiu: Dt, oelts of D-itrra; anp, epitheliain of 
the sul[!iu iminilui; //(. it)U<i( llnurn; III, iDHcr tmir-rrlUi iiif. In- 
iipr iililnr (t>lU; tv, lahiiiiii vtiitllmlKr)>: mi, mitmbninH hnnilnnii; «r. 
mrmbnuMtei'torui;!!, biwiH'hol thvooclilmr iHfrve; V, noa-nudtlllsted 
ntrrc-flber In ibn pillar nnnel; Sr, npxe of Nuel. 

inner and onler pillars are articiilsilcil in sucli a wiiy tliat 
the iiiiKT i)illnr forms a coiicavo articular surlaco fiir tKe 
head of the outer pillar. In this way is formed a spiral 
tunnel filled with fluid, which is covered arch-like by the 
pillar hcadn. The nndei of the pillar cells lie within a 
small amount of protoplasm in the side of the base of the 
pillar which is nearest to the tunnel. The number of tiie 
inner pillars is greater than that of the outer, as the 
outer pillars are the broader. The ha'u--eelh> are divided 
int*) inner and outer — that is, those that lie mesially and 
laterally to the pillar tunnel. There is always only one row 
of inner Iiair-Kwils and a somewhat varying number — gener- 
ally three or four — of rows of outer hair-cells. Tlieyare 
short, columnar, nucleated cells, having a sharp process at 
the base, which does not reach the basilar membrane. 
On the surface they have fine stifi" hairs. Between the 
outer hair-cells and nearly filling tlie space between their 
pointed basal processes are the cdU of DeUern — long, nar- 
n»w cells, which send a narrow process to the surface of 
the auditory cells. Delter^ cell", like the pillar cells, are 
sup))orting cells ; llieup|ierend lying I >ct ween t)ic auditory 
cells is slightly thiekencd into a head, known as the phalan- 
geal process, so culled Iwcause, when the oi^n of Corti is 
viewed from tlie surface, the heads of the cells appear 
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arranged in rows in the spaces between the auditory cells. 
Deiters' cells do not entirely fill the space between the 
pillars and the first row of hair-cells, and the space 
remaining is known as the space of Nuel, and is filled 
with fluid. 

The cubic epithelium of the sulcus spiralis is attached to 
the inner hair-cells on the mesial side. The epithelium 
of the sorcalled zona pectinata, a name given to tliat 
portion of the membranous spiral lamina lying lateral to 
and not covered by the organ of Corti, is at first columnar 
and farther out cubic. Several rows of cells nearest to 
the organ of Corti are known as the cells of Hensen, 
while the remaining rows are the cells of Claudius. 

The cochlear branch of the acoustic nerve runs in the 
modiolusy the osseous cochlear axis, from which it 
branches spirally in the base of the osseous spiral lamina 
and forms the spiral ganglion. The cells of the ganglion 
are bipolar. The neuraxcs of the ganglion-cells form the 
acoustic fibers and the dendrites pass to the organ of Corti, 
the fibers running in the osseous spiral lamina to the 
labium tympanicum ; they pass through small openings 
and at the same time become non-medullated. Part of 
these fibers run to the inner hair-cells, while part of them 
cross the tunnel to the outer hair-cells. They probably 
enter into union with the lower pointed ends of the cells, 
but only into contact, not into cellular connection. 

The labyrinth, vestibule as well as cochlea, receives 
its blood-supply from a branch of the arteria auditiva 
interna (Art. labyrinthi), which forms capillar}^ networks 
in the striae vasculares, in the ganglion spirale, in the 
membrana spiralis, and the osseous walls of the scala 
tympani and vestibuli. 

The labyrinth has no special lymph-vessels, but only 
the endolymphatic and perilymphatic lymph-spaces, which 
are connected with the lymph-spaces of the membranes of 
the brain. 
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Fij;. Rtl.— Vurtiml NVtiuii of tint olrtKrliir; mui-uus niembntno of • 
nuui whn liwl liwii FXKiiteil. X 3S0. I'lvpomtioai niwlp b; Vml. 
K. W. SCinimi-muuin, al Bern, "ne prppamtion wiw Imtlcd by tlic 
Gulgi inctliMl. Tile uuwr |>ortioii of the euithi-lluni wm uni'Dcii^cnli- 
abltt nn omiuiit nl tlM hUKik preoipiUtM, The nuiacction id tlit> vUnu' 
tory Bhon with Ihe nlfncbiry a>1l« mn be nvngnind, /.', Epltbclium; 
D, oKwtory flbrre; if, ulfnoturv iwlln. 

Pitt. 07.— Vrrtiiul ncction ol * Uwtc-liud (nini the mpJlU lutialn ut 
Oil" mbhil. X WKJ. 'ITiE tlRora kIiow* the lji>icnl prcturi' of d Instc- 
biid Mid iU retnttini to tha HtmtllJnl [isvi'iiiuiil e|i!lb«lluiii. i^g, Uiu>- 
tulory rndii', dt. tctpnpntal nlh. 

Flif. 68.— Vtew of lliv tMte-bud trom the WWo-pow. X T*»). From 
B MKitiDii through Ihi* iwpilbi fulnta of the mbbii. Thi? Dgurv fdHivia 
vrr; ilUllnntlf tbc rrnvn nt the tiwtc-ml8. fp, StrntiAnl [ovetni^nt 
epltholtiini; lU, favinviiCnl orlln; ;i, gimlatory opIIr; ^, tAStv-poiv; 
tff , guslalarjr tmIk. 



THE ORGAN OF SMEUU 

Tho ori/aii of mut'-ll i» in tlio olfiictorj- region of tlie 
nasal cavity (st* |»ge 197). Tlio o/fwlnry ivlk are per- 
iplit-ral gaiiffdon-eel/ii, for thmr M'niripctiil procttssea [uuis 
dirt-ctly into a nim-iinHlullnlcd olfactory fiber. They are 
long narrow cells, which include the entire thickness of 
the fpithclium of the olfactory region and have in their 
center an enlarg(;inent containing a nucleus. The end of 
the cell which does not pass into a nerve-fiber extends to 
the surface of the epithelium, which here forms a fine 
cuticular formation, the niembrana limitaiis olfactoria. 
Tlie ends of the olfactory colls pR-sent fine hairs. 



THE OROAN OF TASTE. 

The organ of tasU is found in man principally in the 
form of tastf-buds on the drcumvallnU' jMpiUue of the tongue 
(see pagt' 137), but also on other ]mpillic. The papi/liz 
foliatw of the ra/ibit contain numennis tast*!-buds. 

The taMe-bufh are ova! epithelial si ntd urea, |x)iDted at the . 
upper end; they lie in the stratified (avement epithelium 
in such a way that the broader baiie of the bud lies ou the 
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basal membrane, the j>oint lying between the upper flat- 
tened layers of cells, but always at the level of the surface. 
At this point is found a funnel-shajxMl depression from the 
surface, the ta^e-pore or canals into which the jx)int of the 
taste-bud projects. The taste-buds themselves consist of 
two kinds of cells, gustatory cells and tegmental cells. The 
former are narrow, spindle-shaped cells, which occupy the 
center of the bud. Their points extend to the taste-pore 
and there bear a bright rod-a/iaped process, the gw^ttatot-y rod. 
A group of rod-bearing cells is inclosed by tegmental cells. 
The latter are of different shapes, elongated, oftc*n crescent- 
shaped, nucleated cells, which surround in several layers 
the center of the bud which is formed by the gustatory 
cells. The gustatory cells are epithelial cells, like the 
auditory cells of the organ of Corti, and not ganglion-cells 
like the olfactory cells. In consequence of this the nerve- 
fibers of the N. glosso-pharyngeus, which have become 
non-meduUated, enter into contact with the epithelial cells. 
We distinguish intergemmal fibers, which end between the 
taste-buds, and intragemmal fibers, which pass between the 
tegmental cells to the gustatory cells and end free between 
them. 
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Adenoid structures of tongue 
and pharynx, 138 

tissue, 53 
Adipose tissue, 51 
Adrenals, 193 
Alveolar glands, 37 
Amakrinc cells, 223 
Arrectores pilorum, 209 
Arteries, 116 

Astrocytes of neuroglia, 79 
Auditoiy teeth, 235 
Axis-cvfinder of nerve-fibers, 

75 



Bile capillaries, 165 
Bile-ducts, 165 
Bladder, 173 
Blood, 54 

and lymph vascular system, 
114 

plasma, 55 

platelets, 61 
Blood-corpuscles, 55 

red, 55 

white, 57 
Blood-vessels, 115 

nerve-fibers of, 119 
Bone, blood-vessels of, 82, 84 

canaliculi, 82 

development. 85 

endochondral, 85, 86 

intramen^branous, 89 

nerves of, 85 

|KTicliondral, 85, 87 

tissue, 81 
Bone-cells, 81, 82 
Bone-marrow, 84 

giant-cells of, 86, 91 

red, 61 

16 241 



Bowman's capsule, 167 

glands, 197 
Bronchi, 198 
Bronchial branches, 198 
Bronchioles, 199 
Bruch's membrane, 218 



Canaliculi, bone, 82 
Capillaries, 115 

bile, 165 

secretion, 36 
C'a[)sule of Glisson, 161 
Cartilage, connective-tissue, 60 

elastic, 49 

hyaline, 49 

reticular, 49 

white fibro-, 50 
Cartilaginous tissue, 48 
Cell, 17 

amakrine, 223 

lK)ne-, 81, 82 

centro-acinar, 160 

chief, of stomtu'h, 143 

cone visual, 224 

corneal. 216 

Deiters^ 236 

enamel, inner, 134 
outer, 134 

endotlielial, 42 

ependvma, of neurojjlia, 79 

epithelial, cornification of, 36 
relation of one to anotlier 

32 
special differentiation of, 33 

follicular, 187 

form of, 17 

ganglion-, 71. See also 
Nrrve-cells 

giant-, 61 



Ct'll, Itiaul-p ol lnjiH-i 



lulpio, ISO 

niaat', nf loam- cnniicictiiig 

Umuc, 46 
mnni>nuic, 30 
riorvi>-, 71. Soe rUo ^*tw 

nudnw, 30 

uf connet-Uni; tJMw. 41 

i>f l«o«c comuvtiug tissue, 46 

oUacMry, 238 

l'iinpth"i, 146 

pftruvticiiUr, 22.1 

IMriclul, 143 

pilliir, 2.V, 

|>lu)iiiia-, nf lonsr i-iiiiiii 'fling 

limw, 46 
ItrolifM-ation, 22 
prulovlwii), 18 

{(Mxa theory of, 10 

itruetum of, lU 
I'urluiiJH'M, of (fin-boIUr eor- 

lex, 101 
pyraiiiiilfJ. of fcppbral rortcx, 

103 
nxl visunl, 223 
Hcrtitli's. IT7 
Bi»^ of, 18 

apiiiiM-, oS neuroglia, 78 
stvHe.le. oi liver. 165 
Imdon, 93 
(.Vriii>nl,iim, 131, 133 
Ceiitrnl nprvous eyalcm, 96, See 

also Nervoux tyttem. eenlral 
Cwitro-aeinar cella, IBO 



Cilia, 33 
Ciliary Ixxlr, 3 
IElan*t!<. silo 

DlUWli.-. 218 

ttulv-lu**"*' " 
(Vl>l.-ii 
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OrrMlar cortex, 98 

Piirkli>ie'8 cellH of, 101 

IfTnihral roricx, 103 

pvrami.lal ei-ti of, 101 

feruiiliiiou3 ftlandB. 232 
I'liii-t p.p\le of Btoinach, 143 
Chlorid of bcmalin, crystals of, 
S7 
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CocKlf!ir<l.ipl.234 
TolloiH, 201 
C-iiK-rftiuiis, prostatic. IS3 
Cone visual cells, 234 
roiijuiirtiviiMilbi,231 

IHdivbrurum, 381 
("oimocting tisiue, 40 
(Hrtilage. .'>0 
c-c'!ls of, 41 
1-ln.olir ril>er9 of, 43 
libroiis elcinenta of, 43 
formed. 4,^. 46 
l^ciatinouB, 47 
(tround sulislanco of, 44 
UsP 45 
('<ds of. 46 
k'ukocytes of, 4fi 
plasma-rclls of, 4tS 
lyinph-vcssels of, &3 
T)ieineiit«d, 53 
reticular fibere of, 43 
simple Rbrillar, 45 
white fibcrti of, 43 
Coriuiii, 203, 209 
Cormm, 215 
Corneal cella, 216 

endo I helium, 316 
Coniification of fpithelial c«11b, 

36 
Corpus luteum, 189 
C'orpuspled, blood-, fi& 
red, 55 
white, 67 
(irandry's, 112 
HassaVs, 127 
Herljst's, 113 
MftlpiRliian, 167 
Vat.T-Pwiriian. U2 
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Crusta. 20 
Crystalloids, 20 
Crystals, heinatoidin, 57 

of chlorid of heinatin, 57 
Cuticula dentis, 133 

of hair, 206 
Cutis, 203 

layers of, 203 



Deiters' cells, 236 
Dendrites, 72 
Dentinal fibers, 131 

papilla, 134 

sac, 135 
Dentine, 131 
Deutoplasm, 189 
Digestive organs, 128 
Dilatator muscle of pupil, 219 
Droplets, fat, 20 
Ducts, system of, 38 
Ductus cochlearis, 234 
Duodenal glands, 148 
Duodenum, 147 



Ear, 232 

Efferent seminal passages, 180 

urinary passages, 173 
E^ tubes of Pfliiger, 187 
Ejaculator>' duct, 182 
Elastic cartilage, 49 

fibers of connecting tissue, 43 

tissue, 47 
Eleidin granules, 36 
Enamel, 131, 132 

cells, inner, 134 
outer, 134 

ledge, 133 

organs, 133 

pulp, 134 
Endocardium, 114 
Endochondral bone, 85, 86 
Endoniysium, 91 
Endoneurium, 107 
Endothelial cells, 42 
Endotlielium, corneal, 216 

of iris, 219 
Ependyma cells of neuroglia, 79 



Epicardium, 115 

p]pidermal structures of skin, 

205 
Epidermis, 202 
layers of, 202 
Epineurium, 10 
Epiphysis, 107 

Epithelial cells, comification of, 
36 
relation of, to each other, 

32 
special differentiation of, 
33 
tissue, 29 
Epithelium, simple ciliated, 31 
columnar, 30 
cubic, 30 
flattened, 30 
squamous, 30, 31 
stratified ciliated, 31 
columnar, 31 
pavement, 31 
transitional, 32 
Fjythrocytes, 55 
Esophagus, 141 
Eye, 214 
tunica externa of, 215 
interna of, 221 
media bulbi of, 217 
Eyeball, auxiliary apparatus of, 

229 
Eyelids, 229 



Fat droplets, 20 

Female reproductive organs, 185 

urethra, 174 
Fiber, dentinal, 131 

elastic, of connecting tissue, 
43 

MiJllcr's, of retina, 222 

nerve-, 75. See also Nerve- 
fibers 

reticular, of connecting tis- 
sue, 43 

Sharpey's, 84 

white, of connecting tissue, 43 
Fibrillar connecting tissue, 

simple, 45 
Fibro-cartilage, white, 50 



FIbrou* dnini-Jit* a! fniiRr^'liiig 

" n tiitwry of ciOJ protojiifuiiri, 

Follii'liw, Ivmpli, 121,122 

iwniinnli-.l. 123 i 

Mlitarv, 122 
PoUiculnr cclU, 1)47 I 

Formed ronmicIinK ii»i|i>, 

4a 

Fovn« rvntralis of i^iiim. 2211 



Oanqua, porJ|i)ienil, 108 

npinal, lOS 

lympathi'tie, lOfi 
OMU^liuniwlb, 71. Sii- 

Nrriv-crlU 

CHuiiimiw coiiiicctiNE liwu 
(irnnimtl e|iitMium of oi 

GlwiWfUii, 01 

of boni-inHrrow, W-, 91 
Olanils, Klvfiolar. 37 

Buwuiui'h, 197 

neruminaus, 332 

tiliiu-y, 230 

C^wwt'b, IH3 

(luooenal, 1 48 

fontJB of, U7 

heinnlymub, 123 

ladiryiual, 231 

lympli-, 121 

mwnniiirv, 213 

of Moll, ^30 

olfactory, 11(7 

ptirotid, 15fi 

pyloric, 14* 

salivary, 153 

wbM'Hous. 210 

auhlingiiitl, \!A 

BUbin*Ki11ary, 13.^ 

SWMt-,211 

thyroid, 201 

tubular, 37 

Utlicnllulnr, 35 
niRndulftl.ullH-iir,-(lirall^ 1 
niiason. cap^iili- iif , 161 
Glomerulus, 107 



Oobk-t-wlU, 3.1 
Uulci'HMll*, 72 
(iruidry'scorptuirW, 112 
(irMiulea, eleiiJ' 

k«nitnhyAUn 
pigment , 20 
tigroi.1, 20 



llnir-ivUji, 238 
Ilair-olutfi. 20A 
H«r-«iir'ath, 207 
Itnsial'ii rorpUM-lM, 137 

Hav.-n.i«ii cniinlfl, R2 

InmHIfP, 82 
Hearing, orgaii of, 232 
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Hci 



, 114 



1 



57 
HtMiiatoidin ciystttls, 57 

I Hemin. S7 
Hpmnclobin, 67 

I llHiiulyi[]|<li KlamU, 123 
HphIc's filirillHraiioatb, 108 
luviT, ■Ml 
liHip, 168 
Hepatic vdn, 164 
Hf^rbel'H corpuscles, 113 
Ilowahip'a Uicunw, Bl 
Huxli'y's laver, W7 
Ilyalini' cartib^, 49 
Hyaloplatim. 19 
HypopliyKia, IDS 



ItJTBnsTmAi. tamello!, 83 
IlilMtiiie, large, 149 

smnll. 145 
InU'stines, blooti-vwiatlH cit, Ifil 
lymptiutic slnirturea of, ]4)j 
lyiijpli-v"pl!.of, 151 

ILTVI'." of. 151 
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Involuntary muscle, 62 

musculature, 63 
Iris 219 

blood-vessels of, 219 

endothelium of, 219 

layers of, 219 

muscle of, 219 

stratum proprium of, 219 
Islands of Langerhans, 160 



Kbratohyalin granules, 36 
Kidney, 166 

blood-vessels of, 170 



Labyrinth, 233 
Lachrymal glands, 231 
Lacunar, bone, 82 

Howship's, 91 
Lamellse, bone, 82 

ground , 82 

Haversian, 82 

interstitial, 83 
Lamina choriocapillaris, 218 

propria of choroid, 217 

spiralis mernbranacea, 234, 
235 
ossea, 234 
Langerhans, islands of, 100 
Large intestine, 149 
Larynx, 197 
Lens, 229 
Leukocytes, 57 

of loose connecting tissue, 46 
Ligaments, 84 
I^ingual tonsils, 138 
Linin, 21 
Liver, 161 

lobules, 161 

stellate cells of, 165 
Loose connecting tissue, 45 
cells of, 46 
leukocytes of, 46 
plasTua-cells of, 46 
Lungs and bronchial branches, 
198 

l)loo(i -vessels of, 200 

lymph- vessels of, 200 

nerves of, 201 



Lutein cells, 189 

Lymph follicles, 121, 122 
agminated, 122 
solitary, 122 
vascular system, 114 

Lymphatic structures of intes- 
tines, 149 

Lymph-glands, 121 

Lymphocytes, 57, 58 

Lymphoid tissue, 53, 120 

Lymph- vessels, 120 

Male reproductive organs, 175 

urethra, 183 
Malpighian corpuscle, 167 
Mammarv glandd, 213 
Marrow, bone-, 84 

red, 61 
Medulla of hair, 206 
Medullated nerve-fibers, 75 

myelin of, 77 
Meissner's plexus, 153 
Membrana propria, 40 

vestibularis. 234 
Membrane, cell, 20 

nuclear, 21 
Microscopic anatomy of the 

organs of the body, 81 
Microsomes, 19 
Mitosis. 22 
Moll, glands of, 230 
Motor nerve-endings, 109 
Miiller's fibers of retina, 222 
I Muscle, 91 
I ciliary, 218 
I heart, 68 

involuntary, 62 

transv(?rsc?ly striated, 64 

voluntary, 64 
Muscular syst<»in, organs of, 91 

tissue, 62 
Musculature, involuntary, 63 
Myelin of medullated nerve- 
fibers, 77 
Mveloovtes, 61 
Myocardium, 114 

Nail-bf:d, 209 
Nails, 209 



NmoI eaviiy, IM 


OrjDUi of Corti, 235 


Nnrvc, ftPttc. 227 
NervMckTl 






fnrmof,7I 


lh.tlKK-l»>U.8ll,»l 




Otobtlu. 233 


Duclt^iu of, 72 


l)vMy, IS5 


protopliwini of, 72 


<hi,hi<-t. 191 










motor, 100 ' 


PvNcnRno, 158 


»<.ji«ry, 10&. 1 10 


I'um-tli'a rr-IU. 116 


pricapfiiilaUHl, 110, lit 


Parftifliculju- MU. 223 


In*, no, 111 


l>i>H<-ikl (.vIIh, 143 


Nm'(-fil*r», "m 


I'MOtid Klwid. 155 
Penis, m 


ub-cvtinacror. 75 




I'erirlioiiarul Ikiiih. 85, S7 


niyelin of, 77 


PrrimyBium, 91 






NiTi ous svsU-m, cnitral, 11.1 


rpri(ist'-imi, ft! 


bltKHl-VWuHd of, 105 


Pi-riplitral ganglia, 108 




neires, 107 ^ 
ncT%-ou» avstem, 107 


mrmbnuim of, 100 


organ* of, 95 


Payer's palchw, 149 
llfiKtw, egg tubes of, 187 
Phnryn^al tonsiU, 130 


ppriplitTftl, 107 


tJMUO 70 


Ni-uraxiB. 72 




NpiirilomuiB, 77 


atrudunw iif, 13» 


Ni-urofil)ril* of nnrvr-wlU, 73 


PifCTimit KTanufps, 20 


Ni'uroglm, 78 


PiKiiiiTilwl coiiiiHliv-t? tissue. 


(•[wiiilyiua (Tills of, 70 


52 


Binder («11« of, 7tt 


PilW His, 235 


NruromuHvukr spindlw, 02 


Piiu'ul ((land, 107 


Ni'uriw*', 71 


rinanw, Uoad, 5.'> 


NeuropliKm, 75 


PliMiiiarcells of innw ooiiiipcring 




PlMinocfia, 22 


Niml'8 bodies. 73 


No<iM of Ran%ier, 76 


PlBtelelH, bl00,l. 61 




Portal vein, 182 


Niiclear menilir&ne, 21 


PrwlifiTation of cm^IIs, 22 


sap, 22 
Nurfroli, 21 


Prmtate, 1A3 


ProntBiio concrelioiia. 183 


Nucleus of nun-e-wlla, 72 


l-roloplMin. 18 
«-llili.'.)rvof, 10 
of !i<tv.-h"t1I*. 72 




Odontoblasts, 131, 135 


Wr,.r.ur,-of, lit 


Olfarl/irv fells, 23H 


PurkiMJc's v>A\^ of c«rebeUar 


kIiuiiIs, 107 


,ort<.x. 101 


Of.ti..n.Tv^,227 


Pvlorii' RlanHs. 144 


Oruwamtii, 221,225 


Pyramidal cell of cprebral oorten, 


Oral c»vity, 129 


108 
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Ranvier, nodes of, 76 
Red blood-corpuscles, 55 

bone-marrow, 61 
Reissner's membrane, 234 
Reproductive organs, female, 
185 
male, 176 
Respiratory organs, 196 
Reticular cartilage, 49 

fibers of connecting tissue, 43 
Retina, 221 

fovea centralis of, 226 

laversof, 221 

MUUer's fibers of, 222 

optic papilla of, 227 

ora serrata of, 221, 225 
Riolani, ciliary muscle of, 231 
Rod visual cells, 223 
Root-sheath of hair, 207 
Rouleaux, 55 



Sacculus, 233 
Salivary ducts, 155 

glands, 153 
Sarcoplasm, 66 
Schwann, sheath of, 77 
Sclera, 215, 216 

bloo<l-ves8els of, 216 

nerves of, 217 
Sebaceous glands^ 210 
Secretion capillaries, 36 
Semicircular canals, 233 
Seminal passages, efferent, 180 

vesicle, 182 
Sense organs, special, 214 
Sensory nerve-endings, 109, 110 
encapsulated, 110, HI 
free, 110, 111 
Sertoli's cells, 177 
Sharpey's fibers, 84 
Sheath of Schwann, 77 
Simple epithelium, 30. See also 
E nit helium 

fibrillar coimecting tissue, 45 
Skeletal system, 81 
Skin, 201 

epidermal structures of, 205 

glands of, 210 

nerves of, 212 



Small intestine, 145 
Smell, organ of, 238 
Special sense organs, 214 
Spermatids, 177, 179 

development of, into sperma- 
tosomes, 177 
Spermatoblast, 177 
Spermatocytes, 177, 179 
Spermatogones, 179 
Spermatosomes, 176 

development of, from sperma- 
tids, 177 
Sphincter muscle of pupil, 219 
Spider cells of neuroglia, 79 
Spinal cord, 95 

ganglia, 108 
Spleen, 124 
Spongioblasts, 223 
Squamous epithelium, 20, 31 
Stellate cells of liver, 165 
Stomach, 143 

blood-vessels of, 151 

lymph-vessels of, 151 

nerves of^ 151 
Stratified ciliated epithelium, 31 

columnar epithelium, 31 

pavement epithelium, 31 
Stratum corneum, 202 

germinativum, 203 

granulosum, 203 

lucidum, 203 

spinosum, 203 
Sublingual gland, 158 
Submaxillary gland, 155 
Suprarenals, 193 
Sweat-glands, 211 
Sympathetic ganglia, 109 
Syncitia, 22 
System of ducts, 38 



Tactile meniscus, 111 
Taste, organ of, 238 
Tast^-buds, 238 
Teeth, 130 

auditory, 235 
Tela subcutanea, 203 
Tendon cells, 93 
Tendons, 93 
Testis, 175 
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T«>tw, bloo-l-viwuela o 

nnrvHitif. IS'J 
Tliyiww, 120 
TliyrtH'litl anil, 201 
Tipmii ({riuiuli«. 30 

■utwtancfl, 73 



adipoir, Al 

bone, 81 

cartiJuKuuiuB. tH 

coiiiiwtive, *0 
M-Uiur.41 
elexUclibmuf, 43 
librutw nlniienl* ot, 43 
erauiid substADCi^ of, H 
lympb-voweb uF, 63 
reticular fibwn of. 43 
Bimjilc. ftbrillur. 4S 
wdiw fib«m of, 43 

opithcfinl, 39 

(uniiiyl connwting, 45, 40 

gi-JaUnuiiH cciiiiiecting, 47 

looan connecting, 45 
colU of, 46 
ltukocyt«a of, 4fi 
plasma-MUB of, 46 

lvuj|<lioul, G3 

liiuscb, 62 

norvoiis, 70 

OMUOUB, 81 

pigmenlfU t'onnrctivo, 52 
Tomes' granular layer, 132 
Tongue, 136 

and phaiynx. adenoid Blruc- 

tlMMOf, IS'S 

blood-\-(«els of, 140 

lyroph-veasels of, 140 

nervoeof, 141 
TonffllUr erj-pt, 13S 
Tonsils, lingual. 138 

pharyngeal, 139 
Tooth pulp, 130 
Trabecute of lympb-glandB, 121 



1'r>ui|ie«, IM 

I'nuiMitioual »pitheln 

Tubular t^niiiU, 37 

TuiiLi-a eMcraa ^'7", 215 
iotirnH o( i^yv 221 
iiit^lJa biiltii o[ eyv, 217 

Tympanli* iiwmbriini;, 233 

I'NKiaLrLAii glunds, 35 
Vntt-r, 173 
Hrelhni, fraialc, 174 

molf, 183 
Urinary nrffaiw, 160 

iiaMagM, nfforcnt, 173 
UnnifeTDUH tubutes, lfl7 
lTt*ru«, 191 
Ulriculu*. 233 
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Vas deft-rens, 181 
Vnarular ^slem, lymph, 1 14 
Vatrr-raciiiiaii eorpusclcs, 112 
VeiliB, lift 

hepulif. IIM 

inlralolmlor, IfM 

portiil, 102 
Vision, organ of, 214 
Visual cnllii, cono, 234 

rod, 223 
Vitreoua body, 228 
Volkiiiann'e ranals, 83 
Voluntary muscle, 64 

WiiiTK blood-corpusctf*, 57 
fillers of connecting tisHue, 43 
filiru-curtilnge, 50 

Yoi-K-fjucLKua, 186 
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Medical Hand-Atlases 

|N planning this scries of books artangcnicnU » 

re jiresc Illative jiublishcrs in the thitf niediuU centers of t 
rorld for the iiubhuttion of tianslaiiont> of the atlases in 
(lilTcrcnt langua)(cs, the lithot{rai>hit: plates for all 1 
Ittiailc in (^cniian^, where work of this kiiid has been brought i 
ihc (greatest perfection. The enormous e 
pcnso of making the plates bein); shared Q 
ihc various publishers, the cost to each a 
was reduced approximately to i 



Moderate 
Price 



Thus, by reason of their unlvarsal tranabtion nnd reprodiic 
afTording international distrihiilion, tne publishers have 
enabled to secure for (hc^: atlases the best artlBtIc and pn 
slonal talent, to produce thcni in the rnoat elegant stylcr 
yet to otfer them at a price heretofore unapproached In cheopi 
(Jne of the most valuable fcnlures of i 
uilu^ev ii that they offer a ready and satis- 
factory substitute for clinical obMrvBtlon. 
Smholiservation, of course, is available only 
to the residents in large mcdiral cenii 
and even then the requisite variety is seen only after long yi 
of routine hospital work. To those unable to attend impoi 
clinics these Itooks will be absolutely indis|)ensable, as preseniinj 
In a complete and convenient fomi the most accurate reproduc- 
tions of clinical work, interpreted by the most conijieient of 
lital teachers. 



Subititute 
for Clitucal 
Observation 



uniy I 
(ei«^H 

niin^^ 



I 



Adopted by 
U.S. Army 



As an indication of the preat practical value 
of the atlases and of ihc immense lavor with 
which ihey have been received, it should 
DOted that the Medical Department of the U.S. Army hasadopi 

the ''Atlas of Operative Surgery" as its standard, and has ordei 
the book iu large ipianiilics for distribution to the various 
inents and army posts. 
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SAUNDERS' MEDICAL HAND-ATLASES 



Sobotta and Huber's 
Human Histolo^ 



Atlas and Epitome of Human Histolo^^y. By Privat- 
DOCENT Dr. J. Sobotta, of Wiirzburg. Edited, with additions, 
by G. Carl Huber, M. D., Junior Professor of Anatomy and 
Histology, and Director of the Histological Laboratory, Uni- 
versity of Michigan, Ann Arbor. With 214 colored figures on 
80 plates, 68 text-cuts, and 248 pages of text. Cloth, $4.50 net. 

INCLUDING MICROSCOPIC ANATOMY 

This work combines an abundance of well-chosen and most accurate 
illustrations with a concise text, and in such a manner as to make it both 
atlas and text-book. The great majority of the illustrations were made from 
sections prepared from human tissues, and always from fresh and in every 
respect normal specimens. The colored lithographic plates have been pro- 
duced with the aid of over thirty colors, and particular care was taken to 
avoid distortion and assure exactness of magnification. The text is as brief 
as possible ; clearness, however, not being sacrificed to brevity. The editor 
of the English translation has annotated and altered very freely certain por- 
tions of the sections on the adenoid tissues, blood and the blood-forming 
organs, muscular tissues, si>ecial sense organs, and peripheral nerve distri- 
butions, in order to make these parts of the work conform to the latest 
advances in the study of these tissues. The work will be found useful as 
an atlas, text-book, and book of reference for student and practitioner. 



UnsurpMsed for accuittcy, pictorial beauty, completenoit. deamots 




Grtinwald and Newcomb's 
Mouth, Pharynx, Nose 



Atlas and Epitome ol Diseases of the Mouth, Phar- 
ynx, and Nose. By Dk. l„ linrnWAm, of Munich. From 
thf Sfi-i'Hii Revistd and Eiilargfd German F.diticn. Kditcd. 
wiih udditions, by Jamu E. Nkwcomb, M. D., Instructor in 
laryngology, Cornell Univentfty Medirsl School; Attending 
I.irxnj^plORist to ihc Roosevelt Hosj.ilal, Oiit-PatielH I >i-]ian- 
niL-iii, With loi illustrations on 42 colored lithographic plates, 
41 icxi-cuts, and 219 pages of text. Cloth, J3.00 net. 

INCLUDING ANATOMY AND PHYSIOLOGY 



In desiRninc ihis alias [he needs of holh sludem and pracliliont 
kejil (onstantly in mind, and as far as possible lypical cases of Ihe 
divea^es were selected. The illuslratinns ate described in the ted In 
ilie 'iarne way as a practised examiner would demonstrate the objecti' 
inj;> tu his class, the iionk thus serving as n substilule for actual < 
wnrk. The illustrations themselves are numerous and eiceedingi 
ixt'cuted. portraying (he conditions so .sirikinglv that their study is 
Ls|ual In riaminalion of the actual specitnens, the edili 
his awn valuable exiienence, and has also included 



nigology. 



prerenal bodies 






re t^nd- 
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SAUNDERS' MEDICAL HAND-ATLASES 

Helferich and Bloodgood's 
Fractures and Dislocations 



Atlas and Epitome of Traumatic Fractures and Dis- 
locations. By Professor Dr. H. Helferich, Professor of 
Surgery at the Royal University, Greifswald, Prussia. Edited, 
with additions, by Joseph C. Bloodgood, M. D., Associate in 
Surgery, Johns Hopkins University, Baltimore. From the Fifth 
Revised and Enlarged German Edition, With 216 colored 
illustrations on 64 lithographic plates, 190 text-cuts, and 353 
pages of text. Cloth, f 3.00 net. 

SHOWING DEFORMITY. X-RAY SHADOW. AND TREATMENT 

This department of medicine being one in which, from lack of practical 
knowledge, much harm can be done, and in which in recent years great 
importance has obtained, a book, accurately portraying the anatomic rela- 
tions of the fractured parts, together with the diagnosis and treatment of the 
condition, becomes an absolute necessity. This present work fully meets 
all requirements. As complete a view as possible of each case has been 
presented, thus equipping the physician for the manifold appearances that 
he will meet with in practice. The author has brought together in this work 
a collection of illustrations unrivalled for accuracy and clearness of portrayal 
of the conditions represented, showing the visible external deformity, the 
X-ray shadow, the anatomic preparation, and the method of treatment 



They are SetisfMrtory Subttihitet for Clinical Obienration 



SAt/ND^JtS' MEDICAL UAf>'D-ATLAShS 

Sultan and Coley's 
Abdominal Hernias 



Atlas and Epitome of Abdominal Hernias. By Pkivat- 
DocKNr Ob. Geoki; Sri.iAN, of Giitiingcn. I-Uli(cd, with addj- 
lions, by Wii-UAW B. Coi.kv, M. IL, Clinicjil Lecturer on Sur- 
gery, Columbia University (College of Physicians and Soigeona), 
New York. With 119 illustmiionn. 36 of ihcm in colors, and 
211 JwitJf^ of tcxi. Clolh, !!3.cio net. 



DEALING WITH THE SURGICAL ASPECT 



of t)ir 



iniponunt subjec 



1 Ihe c 



of s 






: nol only exceedingly 



il llic fti-nuetii I 
nii<l cnri^elic sui^igal inlrrvciiliuii. During (he last decade the 
ItMir this subjin.*! h.is licFii sleuilily growing in impunance. until 
liwilutcly esseiilial 1" liave a book tieating of its surgical asjiect. 

II atla.4 ilues lliis to an admirable degree. The illu-lrilions are 
ry numerous, bul they eiccl. in the accuracy of the portrayal of 

III rcpresentcil, ihow of anv other work upon alxiominal hernias 
we arc familiar. The wo'rk »il1 be found a worthy cxpooent 

:nl kn<>wle<l|;e of the sul>j<.-ct nf which It treats. 



PERSONAL AND PRESS. OPINIONS 



Robert H. M. Dawtwrn, M. D.. 



Boiton Medical and Sur^gJ Journal 






T1m7 h«v« alat»Af appareJ In IMtteeti dtffemrt Unf tutfci 
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Brtihl, Politzer, and 
MacCuen Smith's Otology 



Atlas and Epitome of Otolo^^. By Gustav Bruhl, M. D., 
of Berlin, with the collaboration of Professor Dr. A. Politzer, 
of Vienna. Edited, with additions, by S. MacCuen Smith, 
M. D., Clinical Professor of Otology, Jefferson Medical Col- 
lege, Philadelphia. With 244 colored figures on 39 lithographic 
plates, 99 text-illustrations, and 292 pages of text. Cloth, $3.00 
net. 

INCLUDING ANATOMY AND PHYSIOLOGY 

This excellent volume is the first attempt to supply in English an illus- 
trated clinical handbook to act as a worthy substitute for personal instruction 
in a specialized clinic. This work is both didactic and clinical in its teach- 
ing, the latter aspect being especially adapted to the student's wants. A 
special feature is the very complete exposition of the minute anatomy of the 
ear, a working knowledge of which is so essential to an intelligent concep- 
tion of the science of otology. The illustrations are beautifully executed in 
colors, and illuminate the text in a singularly lucid manner, portraying patho- 
logic changes with such striking exactness that the student should receive a 
deeper and more lasting impression than the most elaborate description 
coulri produce. Further, the association of Professor Politzer in the prepa- 
ration of the work, and the use of so many valuable specimens from nis 
notably rich collection especially enhance the value of the work. The text 
contains everything of importance in the elementary study of otology. 



PERSONAL AND PRESS OPINIONS 



Clarence J. Blake. M. D., 

Pro/ex s«T 0/ Otology t Harxiard University Medical School , Boston. 

" The most complete work of its kind as yet published, and one commending htelf to 
both the student and teacher in the character and scope of its illustrations." 

Boston Medical and Surreal Journal 

"Contains what is probably the best collection of colored plates of the ear, both of 
normal and pathological conditions, of any hand-book publisheo in the Englbh language. 
In addition to this the text is presented in an unusually clear and direct manner." 

Thej are offered at a price heretofore anapproaciied in cheapnesi 



I- 



SAUXDEKS- MEIHCAI. HASDATLASES 

Lehmann, Neumann, and 
Weaver's Bacteriology 



Atlas and Epitome of Baaeriolosy: iNLXtuiNu a TexT' 
IBook i>f Special Bacieriuuxiii.- Diagnosis. By Pkof. Dr, 

. Lehmann and Dr. R. O. Neumann, of Wtlniburg, 
■ sir Seesnd Reviici and Enlarged German Edition. Editedil 
l^th additions, by G. H. Weaver, M. D., Assistant Profea 
tftf I'aihology and Bacteriology, Riish Medical College, Chita 
l&i two parts. Part I. — 6j2 colored (igiircs on 69 lithographic 
■.plates. Pan II, — jii pages of text, illustrated. Per jian: 
pOotli, fi.50 net. 

INCLUDING SPECIAL BACTCRIOLOGIC DIAGNOSIS 

Thi« work furnialiM a survry of the iirf.pcilics of l«ie!cn», lo^i'Ihrt 1 _ 
ibe aiU9C5 at di&Mie, dispostion. and immiiiiUy, rFleience being consuoll] 
mule lo >n ■ppendix of bacteriologjc Uchtilc. The ipecial p«n glvck 

comiilBte deicnption of the im|xin&nt varieties, Ibc lets imponinl '—'- 

memioned when worthy of tmticc. The lithiiRmphic pUlct. as . . 

H fcries. ore nccuraie nprcwnioiiotis of the cundilioiu ns (ciuall)' ««en, aikj' 
^LjUi collection, if ■nriliini;. is more hBodsunc than any of iti predeccuon.' 
^^Mi an *id in orisinal invntigaliuo the work it invaluable. 

■ hbn 



OPINIONS or THE MEDICAL PRESS 



BlihawricMi Jounul of tte MedkftI S<:iMca 



Tlw Lancet. London 



Then have been S2.OCIO co^et imported linca publicatioa 






SAUNDERS' MEDICAL HAND- ATLASES 

Zuckerkandl and DaCosta's 
Operative Surgery 

Second Edition, Revised and Greatly Enlar|(ed 



Atlas and Epitome of Operative Surgery. By Dr. .0. 

Zuckerkandl, of Vienna. Edited, with additions, by J. Chal- 
mers DaCosta, M. D., Professor of the Principles of Surgery 
and Clinical Surgery, Jefferson Medical College, Philadelphia. 
With 40 colored plates, 278 text-cuts, and 410 pages of text. 
Cloth, $3.50 net. 

ADOPTED BY THE U. S. ARMY 

In this new edition the work has been brought precisely down to date. 
The revision has not been casual, but thorough and exhaustive, the entire 
text having been subjected to a careful scrutiny, and many improvements and 
additions made. A number of chapters have been practically rewritten, and 
of the newer operations, all those of special value have been described. The 
number of illustrations has also been materially increased. Sixteen valuable 
lithographic plates in colors and sixty-one text-figures have been added, thus 
greatly enhancing the value of the work. There is no doubt that the volume 
in its new edition will still maintain its leading position as a substitute for 
clinical instruction. 



OPINIONS OF THE MEDICAL PRESS 



Philadelphia Medical Journal 

" The names of Zuckerkandl and DaCosta, the fact that the book has been translated 
into Z3 different languages, together with the knowledge that it is used in the United States 
Army and Navy, would be sufficient recommendation for most of us." 

Munchener Medidnische Wochenschrift 

** We know of no other work that combines such a wealth of beautiful illustrations with 
clearness and conciseness of langtiage, that is so entirely abreast of the latest achievements, 
and so useful both for the beginner and for one who wishes to increase his knowledge of 
operative surgery." 



Each ▼olume is edited, with additioni, by a leading specialist 



SAUXDEftS' UKDfCAL MAXDATLASES 



■ Diirck and Hektoen's 
^Special Pathologic Histology" 



Atlas and Epitome of Special Pathologic HistoloKya 

By 1>K. II. Dt^BCK, of Miimi.h, Kdili»l, with addilii 
Luuviu HtKTuEN, M. !>., I'rofcsMor of T^tliology, Rush M« 
College, Chicago. In Two Parii. Pait I. — Circulaioi 
q>initory, and Gastro-inicsMiuiJ Tratts. no t.-oloretl figt 
I 62 (ilatn, and 15^ |M^es uf text. Part II. — l.i 
Ftod Sexiinl Organs, Nervous Sysiem, Skin, Muscles, and [ 
ijj colored figures on 60 plates, and 19J pages of text, 
I jari : Cloth. S3. 00 net. 

A RARE COLLECTION OT BEAUTIFUL PLATES 

The cnli>rp<l llthoginphs of lhi> vuluinr atr lirnulifiilly [i-jnniluced, 1 

..X extremelj' accunilr raprcMnlmlioni uf llie micnitcopk cti4ngn prodai 

H'taf diMaw. Tho irrail value of thcie platca 11 ibu they reprocM In i 

h fxBcl color* tbe ttlecl of ihe st^n*, wliich U of nich grot Importkim ' 

u.tlie dilTnmlwlion uf iiMt»>, The teil pnnirm iii ibe book ii> adimnble, ■.., 

rwhile brief, it ia enlirety uiiifkciory in ihni the leading fids are Mated, n 

9 ilaled dial the readrr (nli he lia« gMiprrl (he tuhject exlelulnlr. ~ 

oik is nmlrrn ami vienllfie, and altis^tber fnnnt a cunciw ~ ' ~ ' 

w of pathologic kiiiivledge. 



PERSONAL OPINIONS 



n B. Wtlch. M. O., 

.lurirnn and mhat. Ific tfium «i* id«l»yr." 



irVwIi B. kkllofy. M. D., 



■ LomtHK.'! form ; It li canftilly arfu 



ThcQ' wpwenl th« best utiitfc »ad proftsiional talecil 
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Haab and deSchweinitz's 
Ophthalmoscopy 

Atlas and Epitome of Ophthalmoscopy and Ophthal- 
moscopic Diagnosis. By Dr. O. Haab, of Zurich. From the 
Third Revised and Enlarged German Edition, Edited, with 
additions, by G. E. deSchweinitz, M. D., Professor of Oph- 
thalmology, University of Pennsylvania. With 152 colored 
lithographic illustrations; 85 pages of text. Cloth, $3.00 net. 

Not only is the student made acquainted with carefully prepared oph- 
thalmoscopic drawings done into well-executed lithographs of the most 
important fundus changes, but, in many instances, plates of the microscopic 
lesions are added. It furnishes a manual of the greatest possible service. 

The Lancet, London 

" We recommend it as a work that should be in the ophthalmic wards or in the library 
of every hospital into which ophthalmic cases are received." 

Haab and deSchweinitz's 
External Diseases of Eye 

Atlas and Epitome of External Diseases of the Eye. 

By Dr. O. Haab, of Zurich. Edited, with additions, by G. E. 
deSchweinitz, M. D., Professor of Ophthalmology, University 
of Pennsylvania. With 76 colored illustrations on 40 litho- 
graphic plates and 228 pages of text. Cloth, {3.00 net. 

This new work of the distinguished Kiirich ophthalmologist is destined 
to become a valuable handbook in the library of every practising physician. 
The conditions attending diseases of the external eye have probably never 
been more clearly and comprehensively expounded than in the forelying 
work, in which the pictorial most happily supplements the verbal description. 

The Medical Record. New York 

" The work is cxcellemly suited to the student of ophthalmology and to the practistnc 
]Aysician. It cannot fail to attain a well-deserved popularity." 

Taey ere coiiTealent Sd rise eod uuiformljr bound 



SACJVD£A'S' ML DUAL HA SD- ATLASES 



W Schaffer and EMgar's 

* Labor an? Operative Obstetrics 



Atlas and Hpftome u( Labor and Operative Obstetrici 

' By [Jr. O. SciUfTKR, of Ht-iddbcrg J-'rum the Fi/lJi Rn-U 
\iunt F.ntargeH GermnH Rilitivii. Ediied, with additions, 
., <Junt)N IvDCAK, M. I)., Prafessoi of OI)Steiri<£ nnd Clinica 
Uidwifcry, t'onieU University Medical School. 14 lilbogisphi 
U» in colore ; 139 other cuts ; 1 ri [xigcs of tcxi. (2.00 n 
IK flliKtelric o 




The iHwk jirrtTiili iJie »rl iif ]iiirtu'iliiin ■ml 1 

_in» ill 11 icric* of raail)' untie mood illutlralions 

■ bjr ft Iril that U-phIi ilie iubjecl Utfm a prsclical M 

DHbUn Jeumttl of Medickl Sd«nce, DubUn 



t trc acciimpaDlt^ 



Schaffer & Edgar's Obstetric 
Diagnosis and Treatment 



Atlas and Epitome of Obstetric Diagnosis and 1 
I Bent. By Dr. O. Suiafff-k, of HiidtllitTj; Ftom ih 
ttnt/ Hn'ised German Eiiifion. Fditcd. with jidditions, by J 

■ CLirros EutiAR, M. D., Professor of Obstetrics and Clinica 

■ Stidwifery, Cornell University Medical School. 12] colored fi 
fares on 56 plates; 38 other cuts; 315 pages of text. S3.00 n 

s book Irmts particularly of abslciric operaiiuns, aiul, bcddea l! 
Lweallh or bcaullful lithographic illuHnitians, cniiuini> an rdenave l«at l 
*^ — - value. Thi> leit ileal* m Irli the pnelicat, clinical side of the «nlj*« 

r Mew YoA Medical Jountal 

- mu..,..tm.i .r. .dB.ir.My ...cn.td .. ihcy -« 
nM«lfKy at !o-d.y. 

Thwe we the famoui " Ldunann owdkiniache HuidatUntea " 






MILDICAL ilANL'-Al'LASii^ 
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Mracek and Stelwagon's 
Skin 



I 



Atlas and Epitome of Diseases of the Skin. By Prof. 

Dr. Fkanh Mralkk, of Vieiuia. Edited, with additions, by 
Henry W, Stelwacun, M. D., Cliniml i'rofessor of Dcmia- 
tologj', JefTerson Medical College, Philadelphia. With 63 colored 
plates. 31) half-tone illustrations, and 200 pages of text. Cloth, 
13.50 nel. 

Thi< vnluiuc, ihc oatcome oK yeart of KJcntific uid utistk wuik, con 
tains, logellier willi colored pUtes of unusual beiuly, numerous illuslralions 
in block, and > ICKl comprehending llie entire field o\ dennalology, TIif 
illuvralions ate all ariginat and prepared From actual cases in Mrocck'iclmic. 

AmetkAn Jeunul af Aa Medlckl Sdence* 



1 



Mracek and Bang's 
Syphilis and Venereal Diseases 

Atlas and Epitome of Syphilis and the Venereal Dis- 
eases. By I'HOF, Dr. Franz Mkacrk, of Vienna. Edited, with 
additions, by L. Bolton Bancs, M. D., Professor of Genito- 
urinary Surgery, Univeniity and Bellevue Hospital Medical 
College, New York. With 71 colored plaics and u 
of text. Cloth, S3. 50 net. 

According to the unanimous opinion of numerous nulhurilies. 
Ihr original illustmlinn" of (his hook were presented, they surposs io bealti 
anything of the kind that hAt been produced in this field, not only ir 
many, but throughout the literature of the world, 
Robert L. IHcUaiMi. M. D., 

ArtKMUr^" lf„Amfuan T,n-Bta* 1/ Oiilttrti,.- 

il •pp™l> intunihr id ike for ihr ■iifldogly latcmful 
ritsUlutniunnlxlic'Atlu of Syphilis ind <l,c Vcni 



VSo^S' 



■ Tlteliiho^ 



The lUhotfraphi, aJI made in Germany, ora uiuivalled 



I'- 



Mt.DICAl. llAXPAIl.t 



Jakob and Fisher's 
Nervous System & its Diseases^ 

Atlas and Epitome of the Nervous System and its Dis- 

liy I'RonisstiK 1>K. CirK. jAKon, of trlangcn. 

r Sf(t>nd Reviled Gfrwan SiUMon. Edilcd, wjlh additim 

■liy Edward D. Fisher, M. D.. Professor of Diseases of the > 

Kis System, University aod BcUuvuc Hosptiul Medical Coltef 

fitnv York. With ^j |>laics and c-o|)ious text. Cloih, t^.^o n 

Tbc uuller U divided nilo Aiutoin^, I'niholDgy, ui<l I)rviiniiun 



> uf the Ntrvou* Sysisni. The plaic* illu^iraiif ihrw divmons 
I Conplrlelir ; r«|nn:ially i» llin wi iii regiri) in pulholoo'- The citct >il 
K «liinKUr or tiir \ci\iin ue ponnycd in >uch t wny That they nnnot I 
T hnpieu ilitniucltcs nn llie mexuoty ti( tliv itailer. 



• Shaffer and Norris' 
Gynecology 

Atlas and Epitome of Gynecology. By Dk. O. Shj 

of Hcidclber^r. From the Secon.l Rtvisfd ami Enlarged Get 
Edition. Miied. with additions, by Richard C. Norris, A. R 
M. [>.. (iynvcologisi to Methodist -E|)iscopaI and PhiladelphUl 
Hospitals, With 107 colored figures on 90 plates, 65 text-cutl| 

tand 308 (lOges of text. Cloth, {3.50 net. 
Tbc nlue or IhU otlnt will lie found n»t unly It 
tBl, but upeciall)' in ihe illuslralions, Tbc large numlKi nf colored plU 
■moducini; the appFarancF of frc>h specimens, will give (he studeal • koai 
wge of the chntiges induced hy diKBte thai onnoi lie ubiitined {ton n 
t 
: 



kulMia of John* Hopkin* HMpitBl. BaUmcMe 



TbaM bocdc* an next bwt to kctiMl cbiicaJ work 



Hofmann and Peterson's 
Legal Medicine 



I 



Atlas of Legal Medicine. By Dr. E, von* Hofmann, i 
Vienna. Edited liy Kkkherick Pkterson, M. U., Chief £ 
Clinic, Nervous rJepartinenl, College of Physicians and i 
geons. New York. With lio colored figures on 56 plates a 
193 half-tone illustrations. Cloth, $3.50 net. 

By reason of Ihc wealth of il]u9lratioii& nnd tlie tidelily of the colorei 
.plalet, tht bouk lujiplement^ nil Ihe leilbooki 'in Itie subject. 
, «Ter, it (umiiihes 10 every physician, sludenl, and lawyer a vefilable tr 
'1lou^>e of informalioii. 

Tha Pia c l iU oner. London 



Golebiewski and Bailey's 
Accident Diseases 



Atlas and Epitome of Diseases Caused by Accidents. 

\ By Dk, En. Gdi.khiewski, of lierliii. Edited, with additions, 
I by PtARCE Bailev, M. D.. Attending Physiiian to the Alms- 
: and Incurable Hospitals, New York. With 71 colored 
I. illustrations on 40 plates. 143 text-illustrations, and 549 [ages 
(of text. Cloth, J4.00 net. 

of the subject of «:<: i 



This 1 



I full nnd icienlific 



injory 



■olTcd. and ihe amnunl of indemnity juMiliwl ir 
V Mid Prbctltloii«T 

dllloM lu Yilr li.tli™nct Hhnrin. Tnr l.-ycn.. l*v>icl«Bi. and for vmy 
B««a who i* himuhl in ennlmel vilh Ihv (rvailBvnl or c^ifiAlriiirxllaa of accldvutii AT dl4CU» 
E^vwin|4UI f-f lEtfB. fir If|£a1 tuin(}1ii>1iui]9 ituwinir from IhviB-" 

The "Aduof Op«ntive Surgery " h&i be«a adopted by U. S. Afny 
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I.AN*I- ^^El>lt_AL LIBRARY 

This book should be rciurncd otj or before 
the dale last slampctl below. 
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